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AB STRACT 

A non-economie optimization criterion is developed for 
a multi-mission naval salvage tug in this report. The opt- 
imization is carried out on a digital computer by the use of 
the exponential random search procedure in a multi-dimensional 
design space. The algorithm minimizes the quotient formed by 
dividing the life cycle cost of each design by the sum of a 
number of non-economic effectiveness measures of the design. 
The effectiveness measures chosen reflect the ability of the 
tug to meet its required towing mission and salvage mission. 
Sample results of the program are contained in section III of 
the paper. 

The optimization criterion proved satisfactory, but, 
the method of computing individual requirement effective- 
nesses was not satisfactory in all cases. An improved method 
for computing the effectiveness of a design is recommended 
in Section V. 
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I. INTRODUCTION 



The exponential random search, optimization technique, 
first applied to the design of ships in reference (13) > has 
been applied to the optimization of an oil tankship in ref- 
erence (22), and to the container ship problem in reference 
(9) . All of these applications have been for commercial 
ships where clearly defined ship missions exist and "owner 
requirements" are available which specify items such as the 
trade route which the ship will travel, the required cargo 
deadweight, and a desired optimization criteria. Since 
these ships were designed for commercial ventures, a purely 
economic optimization criterion was appropriate. Suitable 
criteria were: maximize the capital recovery factor (CR?) 
of the operation, minimize the required freight rate (RFR) , 
or minimize the sum of the acquisition and operating costs 
of the ship. 



In this thesis the exponential random search optimization 
technique has been applied to a naval vessel. This poses a 
number of difficulties not encountered in the previous ap- 
plications of the optimization scheme. 

Naval ships have, in general, a multi-mission capability, 



and none of the missions are of an economic nature. Conse- 
quently, economic optimization criteria such as the capital 
recovery factor and the required freight rate are not suit- 
able unless pseudo-monetary value can be attached to the 
various capabilities inherent in the shin and its mission. 
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The "least cost" ship optimization criterion can be readily 
used, but only if each of the ship's missions are completely 
specified. Furthermore, with the multiplicity of the ship 
missions, the least cost ship may not be as cost-effective 
as some other design which costs, perhaps, only slightly 
more . 

In an attempt to investigate these problems, a dual 
mission salvage tug was chosen. This ship type has a re- 
quired towing mission similar to that of an ocean going tug, 
and also a salvage mission which must be taken into consid- 
eration during the design phase. The optimization criterion 
selected was based on cost-effectiveness, where the costs 
are those of the twenty-five year life cycle of the ship. 

It was hoped that this optimization scheme would consider 
the disparity in costs in relation to the effectiveness of 
each design and select the one which was the most economical 
for the greatest effectiveness. 






II. PROCEDURE 



1 • Ship Desi gn. Variables 

For preliminary design purposes, a ship is completely 
defined when the following eight parameters are uniquely 
specified: 



1) J'ull load displacement , A 

2) Prismatic coefficient, Cp 

3) Midship section coefficient, Cm 

4) Length, L 

5) Draft, T 

6) Beam, B 

7) Depth, D 

8) Required installed shaft horsepovrer, SHP 

By adopting the independent design variables listed in 
Table I, the above eight parameters can be expressed in terms 
of those variables and a specified ship velocity V as follows 



1) XV(1) 

2) Cp = XV (5) 

3) The midship section coefficient can be related to 



the speed-length ratio (XV(2)) by : 

Cm = 0.977 + 0.018 XV(2) + 0.076 (XV(2)) 2 



- 0.1 13 (XV (2) 

4) 1 = ( V/XV (2) ) 2 



5) T 2 = 



LTBTfTOpOm 



^Reference 0 Appendix 1 , "section 7. 



t 2 35 , XVQ ) 

( v/xv ( 2) ) • XV (3 ) • XV ( 5) *f ( xv ( 2) ) 



T = 



6) B = 



XV(2) / 35*XV(1 ) 

" V " * XV ( 3 ) • XV ( 5) • f (XV ( 2 ) ) 

B T _ XV ( 3 ) *X V ( 2) / 3 5 • X V ( l") ’ 

T V V XV (3 ) *XV ( 5) -f (XV ( 2 ) ) 



7) B = 



L _ 

l75 " 



Tr2 



(XV(2)) 2 *J.V(-4) 



8) SHP = f (XV ( 1 , 2,3 ,4, 5) ) where a standard series is 
used to evaluate the powering requirements, 
The variables as listed in Table I are the independent 
design variables which were used as the randomly generated 
variables in the exponential random search. 



2 • Mission Req uirements 

Table II lists those mission requirements which are an 

♦ 

input to the computer program. In accordance with the ATS 
requirements as listed in reference (24), the maximum speed, 
endurance speed, and towing speed selected for use in this 
investigation were seventeen, thirteen, and sever! knots 
respectively. Associated with those speeds were propulsive 
coefficients of 0,68, 0.76, and 0 . 65 - The basic endurance 
range required was ten thousand miles at the endurance 
speed. The tow pull required was arbitrarily selected as one 
hundred and fifty-three thousand pounds, which is somewhat 
higher than that used for the ATS-1 design. The limiting 
draft was specified as fifteen feet in agreement with the 
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Table I 



List of Independent Ship Design Variables 





Item 


Symbol 


Units 


Variabl 


1) 


Full Load Displacement 


A 


long tons 


XV(1) 


2) 


Speed-Length Ratio 


vA/l* 


knots/ (f eet ) 


XV (2) 


3) 


Beam~to -Draft Ratio 


b/t 


feet/ foot 


XV(3) 


4) 


Length-to-Depth Ratio 


l/d 


feet/ foot 


XV (4) 


5) 


Prismatic Coefficient 


Op 


non-diraen 


XV (5) 



Table II 



List of Mission Requirements 

1) The maximum speed of the ship 

2) The endurance speed 
5) The towing speed 

4) The endurance range 

5) The resistance of the towed vessel which the tug must 
be capable of towing 

6) The maximum draft allowable for salvage and/or navigat- 
ional reasons 
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salvage tug draft limitation. 



3 . Restri ction s on Variable s 

Trie curves of reference (12) formed the basis of the 
data of the powering subroutine used in the design process. 
The ranges of applicability of that data introduce the 
relations : 





0.001 £ O v £ 0.006 






(D 




0 . 50 £ I i 1.20 

VL 






(2) 




2.25 ^ 5 ^ 3.75 

T 






O) 




JL 

0.48 * c p £ 0.70 






(4) 


Equation 


(1) results in the following 


two relationships: 






55 xv <O min [xv(2) mln ] 6 




0.001 


(5) 




(7jnax) ^ 






35 «(1) Eax [xV(2) m J 6 




0.006 


(6) 




6 






(V )° 








Equation 


(2) produces: 










XV(2) max - u20 






(7) 




laa XV(2) . 

v min 

v max 


Oc 


• 5 


(8) 



Equation (3) requires that the variable XV(3) be bounded by: 

XV(3) min ^ 2.25 (9) 

XV ( 3 ) rQax * 3.75 (10) 

Equation (4) limits the prismatic coefficient: 

XV(5) mln ^ 0.48 (11) 



" 7 - 



( 12 ) 



«(5) max — 0.70 
Aa examination of reference (12) shows that the residual 
resistance coefficients do not change markedly in the 
neighborhood of a speed-length ratio of one-half for a wide 
range of prismatic coefficients. Since the speed-length 
ratiQ of the ATS type tug in the towing condition is below 
one-half, it was decided to use the resistance coefficient 
for a speed-length ratio of 0.5* This saved considerable 
computer time and did not result in the loss of accuracy. 

4. The Convergent Exponential Random Search 

What follows is a brief explanation of the search 
technique used in the exponential random search. Por further 
details on the updating mechanism, see reference (13). 
a. The exponential random search seeks to optimize an 
objective function, within an n-diroensional vector space. 
The n vectors (independent variables), XV, assume randomly 
generated values which lie within the specified upper and 
lower bounds of the variable in accordance with the updating 
mechanism. Por each feasible solution arrived at in conjunc- 
tion with previously calculated values of n~1 vectors and 
one randomly generated vector, the objective function 0 is 
calculated. The value of C is compared with the best previous 
approximation to the optimum, 0 , to determine if the 
latest result is an improvement. If it is an improvement, 

C w is updated to the new value, and the randomly generated 
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vector associated with the c" is then used in the updating 
mechanism. Upon termination of the search, 0“ is assumed to 
be the true value of 0. 

b. • In this study there are five independent variables. An 
initial set of the variables is input to the computer pro- 
gram, as are the upper and lower bounds for each of the 
variables. The initial set of variable values are used at 
the outset as the best solution thus far obtained in the 
search. With this arrangement , the program enters the 
"zeroth" loop (loop is defined below) to attempt to obtain 
a feasible solution. If a valid solution is obtained, the 
search continues for the desired number of loops. If no 
feasible solution is obtained by the end of the zeroth 
loop, the search is terminated. 

A sampling cycle consists of updating one of the 
variables to arrive at a new feasible solution. During the 
updating process, randomly generated values of the variable 
are calculated until a value which lies within the upper 
and lower bounds of the variable is found. With the new 
value, a new design is computed. If the design is acceptable, 
the sampling cycle is completed and the new objective 
function is compared with the previous best to see if it 
is an improvement. If the design is not acceptable, a new 
value of the variable is generated and the steps above 
repeated. For each variable, a maximum of five attempts 
is made to find an acceptable solution with the updated 
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value. If a new feasible solution with the variable is 

not formed after five attempts, the value of the variable 
♦ 

is returned to the value that it held in the previous 
sampling cycle (i.e. the value that it had for the update 
of the previous variable). As a result, the values of the 
four variables which are not being updated during a 
sampD.ing cycle, are the values of those variables which 
last resulted in a successful design. 

A sampling loop, or "loop", consists of five sampling 
cycles, one for each of the independent variables, as 
defined in the previous paragraph. The zeroth loop there- 
fore, evaluates twenty-five combinations of the independent 
variables in the case where no initial, feasible design is 
found before the search is terminated. 

5 • Program Heirarchy 

Figure I shows the logical heirarchy of the computer 
programs used in the tug optimization investigation. 

The input subroutine is called at the beginning of 
the main program for the reading, of the data cards. Once 
the data has been read, the input subroutine prints one 
page of output which lists the design and program require- 
ments as specified in the data. 

The design subroutine is called for every set of 
independent variables generated which lie within the 
variable' ranges and for which the draft and freeboard are 
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Figure I 

Logical Heirarchy of Programs 
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acceptable . The design subroutine in turn calls the power- 
ing subroutine three times, once for each of the three tug 
speeds under consideration. An error return is made from 
the design subroutine if any of the following conditions 
occur: endurance power exceeds the specified installed 

power, insufficient displacement for the weight sum, 
insufficient internal volume, or, inadequate stability. 

If an error return is nade from the design sub-program, 
a nev; set of random variables is generated. If the design 
is adequate, the cost subroutine is called to calculate the 
acquisition cost, the annual costs, the annual maintenance 
and repair costs, and the twenty-five year life cycle cost. 
The effectiveness value, and the cost-effectiveness 
quotient is computed. 

For designs of equal or better merit than the previous 
best, the output subroutine is called to print a page of 
intermediate output concerning the last evaluated design. 

The loop number is listed on this page to aid in ident- 
ification of the portion of the search in which Jhe design 
was found. 

At the completion of the search, the design, cost, and 
output subroutines are called to re-ovaluate the design 
which was found to be the best. A two page output is 
printed for the optimum design (see appendix F). 
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6 . The Cos t -Effect A nalysis 

In a cost-effectiveness analysis, costs are typically 
plotted as the ordinaie of a graph whose abscissa is mea- 
sured in units of effectiveness. A possible graph of this 
type to represent the cost to effectiveness relationship 
for a ship concept is shown in Figure II. 

At lov; effectivenesses, the cost increases rapidly for 
increased effectiveness. At intermediate effectivenesses, 
the slope of the cost-effectiveness curve decreases from 
what it was at the lower effectiveness and the cost does 
not increase so rapidly with increased effectiveness. At 
higher effectivenesses, the slope of the curve increases 
again and the cost, once again, begins to increase rapidly 
for added effectiveness. In selecting the optimum design 
in such a case, the practice is to select the point on the 
curve in the intermediate effectiveness region just short of 
the point where the costs begin to increase rapidly with 
effectiveness. An example of such a selection is point "A" 
in Figure II. However, equally likely points of- selection 
could very well have been points "B" or "G 11 in Figure II. 

The selection of such an optimum point is, therefore, very 
subjective and unsuitable for computer use. 

The above technique could be adapted to computer use 
if a desired slope of the cost-effectiveness curve could be 
specified. The selection of such a slope might be difficult 
in the case where the effectiveness is measured in terms of 






Fi gure II 

Sample Cost versus Effectiveness Curve 




EFFECTIVENESS 



pure numbers. The difficulty vrould arise in assessing the 
merit of spending so many additional dollars for a unit of 
effectiveness. This approach could, however, be readily 
applied in the case where the effectiveness is measured in 
economic terms. A possible example of this type off applica- 
tion is cost measured in annual investment in an enterprise 
and effectiveness measured in terms of anticipated annual 
after-tax profit. A slope of unity would be an upper limit 
because at that point an additional dollar invested would 
result in an additional dollar of profit. Any greater 
slope would result in a loss on the additional investment. 

If, instead, surplus capital could be invested elsewhere 
at an after tac rate of return H, the desired slope of the 
cost-effectiveness curve would be reduced to the quotient 

*1+H * 

This type of approach would have been difficult for the 
salvage tug investigation for two reasons. The effectiveness 
is not an economic quantity, so attempting to select a pro- 
per slope on the cost-effectiveness curve would have been 
difficult. Secondly, since the costs were to be computed 
for randomly generated ship designs, a smooth cost-effect- 
iveness curve would not be produced by the plotting of all 
of the points. 

Consequently, a new optimization criterion bad to be 
devised which would not suffer from these weaknesses. It 
was desired that the criterion should pick the cheapest 
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ship from among ships of equal effectiveness and select the 
ship with the greatest effectiveness from a group of ships 
of equal cost,, The method which these requirements suggested, 
and the one which was adopted for use, was the minimization 
of the quotient formed by dividing the cost by the ship 
effectiveness. Figure III shows graphically the results of 
applying this optimization method to the cost-effectiveness 
curve of Figure II. This amounts to finding the effecti- 
veness for which the cost per unit of effectiveness is the 
cheapest . 



The minimum point of a curve occurs at the point where 
the slope of the curve is zero. Applying this to the cri- 
terion selected above, 



/ 9 . \ _ Q 
dE ' £ > ~ u 

at the optimum solution. If this is expanded, 

1 



E 



,2 



, £C dE . _ r 

( A dE “ 0 dE * ~ 0 



and, after rearranging terms, 



clC _ C 
dE “ E 

at the minimum point of the cost divided by the effectiveness 
curve ♦ 



Essentially, this criterion solves the cost-effect- 
iveness problem by finding the point on the cost versus 
effectiveness curve at which the slope of the curve is equal 
to the cost divided by the effectiveness. 

This provides, in part, an answer to the problem pre- 
viously mentioned concerning selection of a suitable slope 
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9*0 f- 



Figur e II I 



Optimization Criterion Applied to Cost-Effectiveness Curve 



COST 

EFFECTIVENESS 




COST 



- 17 - 



EFFECTIVENESS 



to use in determining the optimum point on a cost-effect- 
iveness curve. This method has the merit of assuring the 
greatest effectiveness per dollar. 

7 • Cos t an d Effectiveness Measu res 

The two missions of a salvage tug, ship salvage and 
ocean towing of disabled ships, are both responses to un- 
predictable emergencies which makes anticipating annual 
operations difficult. The ships may also be used for rou- 
tine service towing ( e.g. target sleds ), but this is a 
secondary purpose. As a result, no attempt was made to com- 
pute annual operating expenses. Instead, a "cost of avail- 
ability" was used, based on a twenty-five year life cycle. 

The cost of availability is the present value of the 
costs which will be incurred over the life of the ship to 
maintain the ship in readiness. This includes the acquisi- 
tion cost, the annual crew costs, and the annual maintenance 
and repair costs. The present value of the annual costs 
were computed using a four percent rate of interest. The 
cost estimating relationships used for the cost analysis 
are shown in Table III. 

The annual maintenance and repair costs were estimated 
by using Figure 30 of reference (3) . The costs predicted 
from that figure were increased by twenty-five percent to 

•li- 
ma ke allowances for a diesel engine propulsion system , and 

VT 

Reference (3 )> page 29. 
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Table III 








Cost Estimating Relations 


weight 


group 


1 


hull structure 


weight 


group 


2 


propulsion 


weight 


group 


3 


electric plant 


weight 


group 


4 


communication and control 


weight 


group 


5 


auxiliary systems 


weight 


group 


6 


outfit and furnishings 


weight 


group 


7 


armament 


crew 






officers 








chief petty officers 








other enlisted men 



$2000 /toil 
$6000 /ton 
$8000 /ton. 

$ 10000/ton 
$4000 /ton 
$5000 /ton 
$ 10000/ton 

$1 5000/year 
$1 0000/, year 
$ 6000/year 



- 19 - 



also upgraded at four percent Interest to make allowances 
for cost increases since the paper was published. 

Bight measures of effectiveness were postulated with 
which to measure the ability of the tug to fulfill the 
towing and salvage missions. They were: endurance range, 
towing pull power, deck area available aft of the towing 
winch, the bollard pull provided, the draft of the ship, 
the availability of volume for ballast, the excess volume 
available internally, and the amount of metacentric height 
provided beyond that required. 

The endurance range was used because the design pro™ 
gram computes the weight available for fuel from the slack 
between the weight sum and the full load displacement. As a 
result, the range of a design may vary significantly from 
the required input range. The effectiveness number is 
computed by dividing the range provided by tbe range re- 
quired and then deducting one, or, 

S - ( a ctua l endurance „ i ) (13) 

endur required endurance 

Hence, if the design provides exactly the required range, 
the effectiveness number is zero. 

There are two methods of employing the effectiveness 
of the endurance. In one, there is no penalty assigned if 
the endurance range exceeds that required, nor is additional 
credit given for the added range. In tbe second, excess 
endurance is considered to be unwarranted; consequently, 
the effectiveness is deductive. In both cases insufficient 
endurance decreases the effectiveness. 
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The towing pull effectiveness was Incorporated in the 
same manner as was the endurance range and can be written 
as : 



_ / ac tu al tow line pull _ 1 \ 
’tow required towline pull ' 



(14) 



In this case, the actual towing pull power developed is 
determined by the powering requirements. The power available 
for the towing pull is the difference between the power re- 
quired for the tug in the towing condition and the maximum 
installed power. 

The deck area available aft was included since added 
deck area provides increased work area, which is desirable, 
and also additional temporary stowage area. In this case, 
the actual deck area provided was normalized by the amount 
of deck area available on the ATS-1 , approximately four 
thousand square feet. It can be written as: 

E 



_ / deck area aft _ 1 v 
'deck area ~ 4000 



(15) 



Bollard pull was considered desirable for salvage work 
primarily. As a consequence, the effectiveness number for 
the bollard pull was determined by a comparison of the 
bollard pull developed in relation to the pull developed by 
the beach gear carried aboard since both are used to de- 
velop statjg pull. 



1 ? _ / bo llard pull ^ , x 

bo Hard pull " 1 896,000 ' 

While the maximum allowable .draft of the ship is a 



( 16 ) 



program input, a reduction in draft would be desirable from 
the salvage viewpoint since a shallower draft ship can work 
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in closer than, one with a deeper draft. The effectiveness 
number was computed by deducting from one the ratio of 

actual draft to limiting draft: 

E ^ ^ actual draft ^ ^ 1 Y ^ 

draft maximum draft 

Ballast was included primarily for stability reasons 

in the less than full load condition. The program evaluates 
the initial stability in the full load condition. There 
was no way to estimate stability in lighter conditions 
without makine the programs much more complex. As a result, 
ballast was considered necessary for stability purposes in 
lighter than the full load condition. The amount of ballast 
which can be carried is determined by the amount of excess 
volume available after all other volume requirements have 
been satisfied. Ballast does not enter the weight equations 
since it is carried only in light conditions. If suff- 
icient volume is available for ballast of ten percent of the 
full load displacement, no more ballast is added and the 
remainder of the volume goes to excess volume. If sufficient 
ballast can be carried, the effectiveness number is zero , 
and decreases uniformly to minus one at the point where 
no space is available for ballast. The effectiveness number 
for ballast is: 



.n 



- ( vol um e avail able for ballast 
ballast ~ ' volume required for ballast 

0 £ ^ballast ^ 1 



1) 

( 18 ) 



The excess volume is included as a measure of the 



salvage mission effectiveness. For some salvage assignments 
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it is necessary to carry additional salvage equipment be- 
yond the normal allowance of the ship. For such occurances, 
the extra internal volume would be required for protective 
stowage of the equipment. The effectiveness number for the 
excess volume is computed by dividing the excess volume by 



the volume assigned for salvage equipraent stowage, or: 



E, 



= ( 



excess volume 



) 



( 19 ) 



■'volume 

Additional stability beyond that required, as measured 
by the G M, is also beneficial for the salvage mission, in 
that it increases the over-the-side heavy lift capability of 
the tug. The effectiveness number is obtained by dividing 



the excess GM by the required GK. 



E 



stability 



/ exces s G M 
' required GM 



) 
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The effectiveness numbers were each multiplied by a 
normalizing factor in an attempt to equalize their weight 
in the effectiveness calculation. The normalizing factors 
were found by generating two hundred random designs within 
the variable ranges and printing the resultant effectiveness 
numbers. For each measure of effectiveness, the arithmetic 
mean of the numbers was computed and considered to be the 
expected value of that effectiveness measure. The normal- 
izing factors were then computed by scaling the mean values 
obtained to the desired level. 

The endurance and towing pull were considered to be 



primarily measures of the towing effectiveness. The deck 
area aft is necessary for both the towing and salvage missions 



and, therefore, v:as considered mutually desirable for. both 
missions. The remainder of the effectiveness measures were 
assumed to be desirable for the salvage capability. 

In order to give equal weight to the towing and salvage 
missions, the two towing effectivenesses were normalized to 
a value of two and one-half. The five salvage effectivenesses 
were normalized to unity, and the after deck area effect- 
iveness to one and three-quarters. In this manner, the tow- 
ing and salvage mission effectivenesses sum to the same number. 
In addition, weighting factors can be applied to the effect- 
iveness measures to put emphasis on specific requirements. 

These weighting factors are an input to the program. 

The total effectiveness of a design is computed by 
adding to one hundred the sum of the eight individual effect- 
ivenesses, The basic one hundred was arbitrarily selected 
for addition to the effectiveness so that large weighting 
factors could be used without the effectiveness dominating 
the cost in the calculation of the cost-effectiveness 
quotient , 
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III. RESULTS 



Results obtained from a number of trials are contained 
in this section. She runs were made using a combination of 
two required endurance ranges and two required towing pulls. 
The weighting factors were also varied to compare the effects 
that the weighting factors have on the search. 

For -.all of the runs the maximum shaft horsepower required 
was computed by the program. The towing pulls were selected 
so that in one case the required pull would be large enough 
so that the maximum power would be dictated by the towing 
requirement and in the other case low enough so that the 
maximum speed of 17.2 knots would determine the power re- 
quirement. 

All runs were made using five hundred search loops. 

This means that there 'was a maximum of twenty-five hundred 
valid designs which could have been generated. Other design 
requirements common to all of the runs are listed in Table IY. 

The remark "sufficient" for the amount of ballast pro- 
vided; indicates that adequate volume was available for 
ballast tanks. The ballast tankage should have capacity for 
ballast water weighing one-tenth of the ship's full load 
displacement. Excess stability is computed by deducting 
one-tenth of the ship's beam from the raetacentric height. 

A plot of the cost-effectiveness curve of run number 1 
is included after the tabulation to show the general shape 
of the curves obtained. 
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Table IV 



Design Requirements 
Operating Characteristics : 

Maximum Allowable Draft = 15.0 feet 
Speed Requirements: 



Maximum speed = 17.2 knots, 

propulsive coefficient = 0.680 
Endurance speed = 15«0 knots, 

propulsive coefficient - 0.750 
Towing speed - 7.0 knots, 

propulsive coefficient = 0.650 



Armament Requirements: 

Armament weight = 2.34- tons 
Ammunition weight = 11.20 tons 
Ammunition volume = 500 cubic feet 



Mo restriction was placed on maximum installed horsepower. 



A penalty was assigned for excess endurance and excess 
towing pull in the effectiveness calculation. 



Search Requirements : 



First 350 loops 
next 100 loops 
next 25 loops 
next 25 loops 



updating exponent = 1 
updating exponent = 3 
updating exponent = 5 
updating exponent -«* 7 



Parameters Controlling Search: 

Minimum 

Displacement 2000.000 

Speed-Length Ratio 0.850 
Beam- to- Draft Ratio 2.250 

Length- to -Depth Ratio 9.000 
Prismatic Coefficient 0.480 



Maximum 
2600.000 
1 .090 
• 3.750 
1 4 . 000 
0.650 



•Initial 
2277.300 
1 .053 
3 • 542 
12.500 
0 . 542 
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Table V 



Input : 

(1) Range, nautical miles 

(2) Towing Pull, pounds 


1 

10000 
1 53000 


2 

10000 
1 53000 


3 | 

10000 
1 53000 


Resign Variables: 

(3) Displacement 

(4) V//J? 

( 5 ) B/T 

( 6 ) L/D 

(7) On 


2559.7 

0.994 

3.695 

13.85 

0.480 


2355.4 
1 .026 
3.698 
13.73 
0.499 


2263.2 
1 .025 

3.448 

13.65 

0.523 


Defectivenesses : 


wt 


. eff 


wt 


eff 


wt 


eff 


(8) 


Endurance, eq.(13) 


5 


-.774 


1 


-.228 


5 


-.263 


(9) 


Tow Pull, eq.. (14) 


5 


0.0 


1 


0.0 


1 


0.0 


(10) 


Deck Area, eq,(15) 


5 


88.67 


1 


9.497 


1 


2.830 


(11) 


Bollard Pull, eq.(lo) 


5 


4.914 


1 


0.983 


1 


0.982 


(12) 


Ballast, eq.(l8) 


5 


0.0 


1 


0.0 


1 


0.0 


(13) 


Draft, eq.(17) 


5 


4.91 5 


1 


1.189 


1 


1 .255 


(14; 


Excess Volume, eq. (19) 


5 


5.451 


1 


0.462 


1 


0.460 


(15) 


Excess Stability, eq.(20) 


5 


14.35 


1 


2.719 


1 


0.748 


m 


Total Effectiveness 


2- 


7.524 


1 ‘ 


4. 562 I 


106.012 


Cost 

07) 


s in Millions of Dollars: 
Acquisition Cost 


9.580582 


8.851829 


8.528556 


(18) 


Life Cycle Cost 


22.034561 


20.655350 


20.132278 


(19) Cost/Eff ectiveness 


C.1013 


0. 1803 


. 0.1899 


Results : 

(20) Endurance, naut. miles 


9897.9 


9810.2 


1C034.7 


(21) 


Tow Pull, pounds 


1 53000 . 


1 530 CO. 


1 53000 . 


(22) 


Deck Area Aft, sq. ft. 


4895. 


44 ( 9 . 


4143. 


(23) 


Bollard Pull, pounds 


87456. 


8721 1 . 


87053. 


(24) 


Ballast- 


sufficient 


sufficient 


sufficient 


(25) 


Draft, feet 


13 


, 28 


12, 


.92 


12 


.81 


(26) 


Excess volume, cu. ft. 


20434. 


8652. 


8619. 


.(271 


Excess Stability, feet 


4.22 


3.89 


0.99 


Shit) 

(26) 


Particulars: 
L.B.P., feet 


299.20 


281 .23 


281 .53 


(29) 


Beam, feet 


49- 


.08 


47 , 


.78 


44 


.15 


(30) 


Draft, feet 


13 


.28 


12, 


.92 . 


12 


.81 


(31) 


Depth, feet 


21 


.60 


20, 


.49 


20 


.63 


(32) 


Cp 


0 . 480 


0.499 


0 . 523 


(33) 


Cm 


0.957 


0.951 


0.951 


(34) 


Cb 


0.459 


0.475 


0.498 


(35) 


Cv 


0.00334 


0.00371 


0.00355 


(36) 


Own 


0.723 


0.723 


0.726 


(37) 


Maximum SHP 


3498.3 


3488.5 


3482.1 


(38) 


Towing EHP 


683.9 


664.2 


631 .3 


(39) 


Wetted Surface, sq. ft. 


1 3366 .4 


12431 .7 


12121 .2 


(40) 


Total Volume, cubic feet 


213285. 


191412. 


186604. 


✓ V O 

-* CD 


t 

Off., CPO, E.M. 


6*5- 


1-64=75 


6+4- 


59=69 


6+4+57=67 


Prog 

(42) 


ram J nf ormatio a : 
Designs Evaluated 


1492 


1475 


1497 


.(431 


Dumber of Improvements 


27 




23 




_4__ 





- 2 ? 



Innut: 

0) 

(2) _ 


1 0000 
1 53000 


5 

10000 
1 53000 


"5~ 
8000 
1 53000 


7 

8000 
1 53000 


De s i gn Var x abl e s : 
(3) 


2355.4 


2353.8 


2231 . 1 


2465.4 


(4) 


1 .026 


1 .024 


1 .038 


1 .013 


(5) 


3.698 


3.731 


3.740 


3.464 


(6) 


13 


.73 


13 


.83 


13 


.91 


12, 


.92 


ill . . 


0.499 


0.502 


0.517 


0.488 


Effectivenesses : 


ut 


off 


v/t 


eff 


XI t 


eff 


v;t 


eff 


(8) 


1 


-.288 


1 


-.158 


1 


-.042 


5 


-.125 


(9) 


1 


0.0 


1 


0.0 


1 


0.0 


1 


0.0 


00) 


1 


9.497 


1 


9.679 


1 


5.409 


1 


10.59 


(10 


5 


4.913 


1 


0.983 


1 


0.982 


1 


0.983 


(12) 


1 


0.0 


1 


0.0 


1 


0.0 


1 


0.0 


(13) 


1 


1.169 


5 


6.294 


1 


1 .482 


1 


0.792 


(14) 


1 


0.462 


1 


0.529 


1 


0.405 


1 


1 .01 2 


(15) 


1 


2.719 


1 


2.731 


1 


2,330 


1 


1 .336 


.(16) . 


114.562 


120.058 


110. 566 


114.393 


Costs : 
(17) 


8.851829 


8.840995 


8. 


500536 


9.343431 


( 18 ) 


20.655350 


20.644333 


20. 


100179 


21 .598160 


(19) 


0. 


1803 


0. 


1720 


0. 


1818 


0 , 1 888 


Results : 
(20) 


9810.2 


9895.8 


7589.0 


8013.2 


(21) 


1 53000. 


1 53000 . 


IS! 


3000 . 


1 53000 , 


(22) 


4479. 


4488. 


4273. 


4535. 


(23) 


6721 1 . 


87222. 


87105. 


87263. 


(24) 


suf: 


ficient 


sufficient 


suf 


ficient 


suf: 


ficient 


(25) 


12 


.92 


12 


.80 


12 


,41 


13 


.62 


(26) 


8652. 


9924. 


7589. 


18976. 


(27) 


3.' 


89 


3.90 


3. 


24 


1 .89 


Ship Particulars: 
(28) 


281 .23 


282.00 


276.22 


288.48 


(29) 


47 


.78 


1, t - 7 

4? 


.75 


46 


.41 


47 


.16 


(30) 


12 


.92 


12 


.80 


12 


. 41 


13 


.62 


(31) 


20 


.4 9 


20 


.40 


19 


. 86 


22 


.33 


(32) 


0.' 


4 99 


0. 


502 


0. 


517 


0,488 


(33) 


0.' 


951 


Or 


952 


Or 


950 


0.954 


(34) 


0.' 


475 


0. 


475 


1 0. 


491 


0.466 


(35) 


Or 


0037 1 


Or 


00367 


0 


00371 


0.00359 


(36) 


0.723 


0.' 


724 


07 


725 


0.723 


(37) 


34 


88.5 


34 


36 . 9 


34 


84.2 


3490 . 5 


(38) 


664.2 


664.7 


642,1 


663.3 


(39) 


12431 .7 


12454.0 


1 2002 . 7 


1281 1 .2 


140,) ^ 


191412. 


192548. 


184244, 


207790 . 


Crew : 

ill L „ 


6+4+59=69 


5+4 


+59=69 


6+4 


+57=67 


6+5+62=73 


Program Information: 
(42) 


« h- 

l 


-t r 

i 'J 


1 

f , ; . 

j i *f 


=,* >v 

\ y 


1418 


1623 


m) .. . 


23 




1 32 




26 




9 





Incut : 

( 1 ) 

( 2 ) .... . . _ . 


s 

8000 

123000 


9 

8000 
1 25000 


10 
10000 
1 23000 


1 1 

10000 
1 23000 


Design Variables: 
(3) 


2260.7 


2171 .3 


2206.2 


2310.9 


(4) 


1 .038 


1 .035 


1 .024 


1 .023 


(5) 


3 . 


590 


3.239 


3 . 606 


3 .: 


582 


(6) 


13 


.40 


13 


.14 


13 


.84 


13 


.45 


.(71 - 


o. 


497 


0. 


506 


. 0. 


555 


0. 


518 


Effectivenesses : 


' M t 


elf" 


t.’t 


elf” 


vrt 


eff 


vrt 


eff 


(8) 


i 


-.096 


1 


-.003 


5 


-.285 


5 


-.300 


(9) 


i 


- 1 .898 


5 


-4.448 


1 


-1 .440 


5 


-6.933 


(10) 


i 


5.666 


1 


-.689 


1 


1 .353 


1 


5.853 


(11) 


i 


0.978 


1 


0.971 


1 


0.975 


1 


0.975 


(12) 


i 


0.0 


1 


0.0 


1 


0.0 


1 


0.0 


(13) 


i 


1.122 


1 


0.967 


1 


1 .724 


1 


1 .296 


(H) 


i 


0.235 


1 


0.156 


1 


1.198 


1 


0.953 


(13) 


i 


2.295 


1 


0.231 


1 


0.231 


1 


1 . 203 


(16) 


10873021 


97.185 


103.761 


103.047 


Costs ; 
(17) 


8. 


575994 


8. 


238901 


8. 


286319 


8. 


647259 


( 18 ) 


20. 


166489 


19. 


189117 


19. 


346024 


20. 


141754 


(19) 


0. 


1862 


0. 


1974 


0. 


1 864 


0. 


1955 


He suit s : 
(20) 


7949.1 


7998.3 


9962.4 


9960.4 


(21) 


144479. 


133066 . 


139297. 


138692. 


(22) 


4286 « 


3965 . 


4069. 


4295. 


(23) 


82463. 


76 


1 34 . 


79737. 


79 


473. 


(24) 


sufficient 


sufficient 


suf 


f icient 


sufficient 


(25) 


13 


.04 


13 


.31 


1 1 


.99 


12 


.73 


(26) 


4404 . 


2921 . 


22462. 


17861 . 


(27) 


3. 


22 


0. 


30 


0. 


30 


1 .64 


Shin Par tic ular s : 
(28) 


274.68 


275.98 


282.36 


282.50 


(29) 


46 


.81 


43 


.10 


43 


.23 


4n 


.62 


(30) 


13 


.04 


13 


.31 


1 1 


.99 


12 


.73 


(31) 


20 


.50 


21 


.00 


20 


.41 


21 


.01 


(32) 


0. 


497 


0. 


306 


0. 


555 


0. 


518 


(33) 


0. 


949 


0. 


949 


0. 


952 


0. 


952 


(34) 


0. 


472 


0, 


480 


0. 


528 


0. 


493 


(35) 


0. 


00382 


0. 


00362 


0, 


00343 


0. 


00359 


(36) 


0 . 


723 


0 


724 


0. 


731 


0. 


725 


(37) 


3298.5 


3045.4 


3189.5 


3178.9 


(38) 


647.7 


609.3 


627.0 


64 


5.4 


(39) 


12006.3 


11699 . 5 


12029.9 


12308.3 


(40) . 


182319. 


174600. 


195861 . 


197093. 


Grew : 

(41) 


6+4 


+57=67 


r~ , !i 


4* p.3 —6 2 


5+4+54=63 


6+4 


+56=66 


Program Information: 

(42) 


•4 (— if' 


1 V 

i J 


0 v 


15 


A 

! '~r 


13 


8b 


m. . _ . .. 


30 




1 4 




8 




14 





OM* 



Figure IV 



Example Program Cost-Eff ectiveness Curve 
COST 

TfWCT WEITE^S- 

o 6 o 6 6 




COST ($xiG“ fa ) 



no izo \so i ao ISO i<vo 170 1 80 190 2.10 220 

EFFECTIVENESS 



IV . PIS0US3 I 0U O F RESU LTS 

The use of high weighting factors in the effectiveness 
calculation, as in .design number one, makes the choice of the 
optimum design more sensitive to the effectiveness than to the 
cost. This is exhibited in designs number one and two where 
the relative weights of the effectivenesses to each other are 
the same. The higher weights cause the range of the effect- 
iveness sums to increase while the range of the costs do not 
change. 

Putting a larger weighting factor on one of the effect- 
ivenesses than on the others did cause the design selected 
as the optimum to improve in the more heavily weighted eff- 
ectiveness when compared with a run where it was not emphasized 
An example of this is design number three in which the en- 
durance more closely approached the required ten thousand 
mile endurance than it did in run number two. 

An examination of designs numbered ten and eleven in- 
dicates that penalizing the effectiveness for exceeding the 
requirements is not Justified. In these designs a penalty 
was assigned for exceeding their required towing pull of 
12p,000 pounds. Both designs exceeded this amount; and, 
design ten slightly more than design eleven. However, design 
ten appears more attractive in terms of what it provides 
than does design eleven, and at a cheaper price. 

From an. examination ox the eleven designs, it appears 
that the normalizing factor for the effectiveness provided 
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by deck area aft was too large. As a result, when attempting 
to drive some of the effectivenesses to zero, the deck area 
effectiveness overpowered the total effectiveness calculation 
and the desired result was not achieved as well. The program 
found it easy to increase the effectiveness more readily by 
increasing the length and beam of the ship, which increases 
the deck area, than by forcing, for example, the endurance 
effectiveness from a negative fraction to zero. Since the 
ship dimensions increased then, so did the cost. Design 
number seven is a good example of this occurrance. While 
the endurance did approach the required eight thousand miles, 
the ship increased in size and cost over design number six. 

Designs six and seven point out another fact. If the 
weighting factors used in design seven are applied to the 
effectivenesses of design si k and the cost-effectiveness 
quotient computed, design six is superior to design seven. 
This means that had the combination of variables of design 
six been found during the search in design seven, an im- 
proved ship would have resulted. 

Bollard pull effectiveness remained approximately 
constant for all eleven designs and, therefore, effectively 
did not ent*r into the computations. This seems to indicate 
that the effectiveness parameter associated with bollard 
pull need not have been considered. 

The ability to determine the sensitivity of the cost 
to changes in the effectiveness requirements is hampered 
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in this method since all of the effectiveness measures 
collectively change from one design to another. It would 
be desirable to be able to determine the cost sensitivity 
to one parameter while holding all others constant. 

Figure IV is a plot of the cost versus effectiveness 
curve and of the cost effectiveness quotient versus effect- 
iveness for design number one. It does not exhibit the pro- 
perties of Figure III because of the randomness of the de- 
signs generated. It is also limited, because only designs 
which had lower cost-effect quotients than the previous 
best were printed out and hence available for plotting. 

It appears in this case that the true minimum was not 
reached in the cost effectiveness quotient since the quotient 
plot does not have a zero slope at the final design. Also, 
the slope of the cost versus effectiveness curve does not 
equal the value of the cost-effectiveness quotient. 
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V. CO N CLU S IONS AO RBOOKrlENflATIOKS 

The optimization criterion selected, minimizing the 
cost-effectiveness quotient, "was valid. The results dis- 
played the trade-off in cost for effectiveness and effect- 
iveness for cost throughout the design evaluations, in 
attempting to get the greatest effectiveness per dollar. 

Five hundred search loops for the random search was 
inadequate as shown by designs six and seven. The search 
of design seven was not intensive enough to find the number 
six design variables which would have resulted in an im- 
proved ship. An increased number of loops would allow a 
more thorough search of the design space. 

A systematic (parametric) search of the space would 
probably be more exhaustive. The problem here, however, is 
that the number of trials would have to be very high in 
order to provide a fine enough grid of the space. Since 
the total number of combinations for this type of search is 
the product of the number of increments of each of the par- 
ameters, the total number of trials grows rapidly. For the 
ranges of Table IV, incrementing the displacement by twenty 
tons, the speed-length ratio by two one-hundredths, the beam- 
to-draft ra io by one-tenth, the length- to-depth ratio by 
one-half, and the prismatic coefficient by one-tenth for a 
systematic search results in almost one and one-half million 
combinations. This corresponds to approximately sixty 
thousand random search loops if five attempts are required 



for each sampling cycle. Search time equivalence would pro- 
bably allow in excess of one hundred thousand loops in the 
ransom search. Five thousand random search loops would pro- 
bably provide an adequate search of the space. 

The method of measuring the individual effectivenesses 
were not, in all cases, adequate. Penalising or giving 
credit to an effectiveness measure for exceeding the re- 
quirements tends to distort the results. This was displayed 
when attempting to provide 123,000 pounds of towing pull 
when excess towing pull was provided due to the powering 
requirement . 

An improved method would be to be able to specify re- 
quirements for the effectiveness measures, penalize for 
failing to meet the requirements, but giving no credit, 
either positive or negative, for exceeding the requirement. 
For measures which, it would be desirable to maximize or 
minimize (e.g. ship draft, internal volume, etc.), measures 
of effectiveness of the form of equation 1? would be nec- 
essary. Decreasing the ship drafts for example, in the 
salvage tug, allows the tug to operate in more restricted 
waters. Giving additional credit for a shallower draft 
would be justified, and the design search would attempt to 
minimize the draft without sacrificing too much cost. The 
amount of cost which the user was willing to sacrifice would 
be determined by the weighting factor; the higher the 
weighting factor, the more cost would be sacrificed. 
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im alternative approach, and one which would aid in 
the determination of the cost sensitivity to mission re- 
quirements, is to conduct a systematic (parametric) search 
by varying the mission and effectiveness requirements in- 
dependently while using the exponential random search for 
the design variables to find the optimum design for each 
condition. In this approach, the effectiveness factors 
would have to be calculated in such a manner that the 
effectiveness would be maximized by all requirements being 



exactly met. 

This approach does have its shortcomings, however. 

First, it suffers from the rapid growth of the number of 
combinations in a parametric search. As an example, if the 
ballast effectiveness measure were removed by not accepting 
ships with insufficient volume for ballast, and neglecting 
the bollard pull effectiveness, leaving six measures for 
which three values of each requirement were to be tried, 
there would be 3^ combinations. This would result in 729 
random searches to find the optimum ship for each requirments 
combinations} . Secondly, actually determining the cost sen- 
sitivity to changes in the requirements would be difficult. 

If just one requirement were altered over a range while all 
of the other requirements remained fixed, it would be a 
simple matter. If sensitivity of several of the requirements 
are desired, however, the inter-relationships become more 
complex. Consequently, deciding exactly which measures the 



costs are sensitive to 



becomes more difficult. 
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APPENDIX A 



Details of Programs 

This appendix describes the programs by briefly 
describing the operations being carried out within the 
"boxes" inserted in the program listings contained in 
.Appendix E. Each box contains a set of calculations or 
manipulations which would appear in a flow chart. 

I. Main Routine 



Box 1 


The input subroutine is called which reads the 
input data and prints the first page of the 
progra-in output. 


Box 2 


Variables are initialized in this box, as is 
the random number generator. 


Box 3 


The random search loop counter is established 
in this box. 


Box 4&5 


A check is made in this box to see what value 
the random search updating exponent is to take 
on. 


Box 6 


The index of the random variable to be updated 
is controlled by this box. The value of the variable 
being updated which yielded the last satisfactory 
design is stored as ABATE in this box. 


Box 7 


This box contains the counter of the number of 
attempts made in order to get a complete sampling 
cycle by a random variable. 


Box 8 


The random variable is updated in this box. A 
check is made to see if the newly selected value 
of the variable lies within the specified minimum 
and maximum values of the variable also. If it 
does not, a new value is selected. If it does, 
control passes to box 9. 


Box 9 


The ship dimensions and coefficients are computed 
in this box. Depending upon the variable being 
updated, only certain of the dimensions need be 
recomputed. Tne design subroutine is then called, 
ana u ou n reuurn a cueer. mane t*o do v ermine ii che 

design was satisfactory. 
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Box 10 The cost and effectiveness subroutines are ca.lle-d 
in this box. The counter for successful designs 
is incremented if no error resulted in the effect- 
iveness subroutine, and the new cost-effectiveness 
quotient compared with the previous best to deter- 
mine if the new is equal to a better than. the old. 

Box 1 1 Bor each cost-effectiveness quotient which is equal 
to or better than the previous best, the value of 
CSTiiB is changed to the quotient ;just found. The 
output subroutine is then called to print the inter 
mediate output for the new design, after which the 
values of the random variables are saved in the 
array XB. 

Box 12 If an unsuccessful attempt was made to update a 
random variable five times, the value of that 
variable which last resulted in a successful 
design is returned to the variable. The ship 
dimensions and coefficients are then recomputed 
since they will have been changed during the 
attempt to update the variable. 

Box Ip Pot used. 

Box 14 This box is used in determining if a successful 
design was reached in the initial loop. 

Box 15 Tills box is the location of the completion of 
the random search. 

Box 16 The design which yielded the best solution is 
recomputed in this box so that additional in- 
formation about it can be output. 

Box 17 The output information of the optimum design is 
printed when the output subroutine is called. 

2. Inpu t Subrou ti ne 



Xtie input subroutine reads 
resistance coefficients for the 



in the Taylor residual 
powering subroutine and 



the program input data. The subroutine then prints a 
page of output which lists the input design requirements. 
3. -Random N um ber Gener ato r 

generator generates a series of 



The random number 



numbers which lie between the limits of zero and one for 
use in the search updating mechanism. 



4. Design Subroutine 



Box 1 


The error code is initialized. 


Box 2 


The cubic number of the design is computed. 



Box 3&4 Not used. 



Box 5 


The type of powering calculation is determined. 


Box 6 


When an input power is not specified, control 
passes to this box. The shaft horsepower required 
for the towing condition and for maximum speed 
is calculated. 


Box 7 


The program chooses the maximum of the powers 
calculated in Box 6 as the required installed 
power . 


Box 8 


The shaft horsepower needed for the endurance 
speed is calculated and then the towing pull 
j power available is calculated. 


Box 9 


If the installed power is specified, control 
passes to this box. Here the power required for 
the endurance speed is calculated, and a check 
made to determine if this power exceeds the in- 
stalled power. If it does, an error is detected 
and control passed to Box 22. 


Box 10 


The actual towline pull available is calculated, 
after the towing power is determined. 


Box 1 1 


The light snip weights are calculated for each 
weight group and the light ship displacement 
determined. 


Box 12 


The full load displacement is computed here after 
the weight of crew, provisions and stores are 
computed . 


Box 13 


The margins are computed and the full load dis- 
placement with margins computed. 


Box 1 4 


The fuel weight is computed by deducting the sum 
of the weights computed to this box from the full 
load displacement specified by variable XV ( 1 ) . If 
the available fuel weight is zero or less, the 



error indicator is set 



Box 1 5 


Mot used. 


Box 1 6 


The total internal volume is estimated by scaling 
up the gross bale cubic by the square root of the 
total midship section area divided by the water- 
line section area. The superstructure volume is 
then added to the hull volume. 


Box 17 


The volume requirements are determined in this 
box, volume allotted for ballast and the external 
volume computed. 


Box 18 


The stability is computed here and the excess 
GI-1 determined. 


Box 1 9 


The actual endurance which results from the amount 
of fuel carried and the pov^er requirements is 
computed. 


Box 20 


The bollard pull in pounds is figured out. 


Box 21 


The square footage of clear deck area aft is 
determined. 


5. Cost 


Subroutine 


Box 1 


The acquisition costs of the standard navy weight 
groups are computed using the cost estimating re- 
lations and the computed weight group weights. 


Box 2 


A percentage is added for the cost of the margin. 


Box 3 


A percentage is added for design and construction 
costs . 


Box 4 


An allowance is made for price escalation. 


Box 5 


Profit is assumed to be seven percent of the 
preceeding cost. 


Box 6 


An allowance is added for changes which may occur. 


Box 7 


A post-delivery allowance is added to the cost. 


Box 8 


A percentage is added for quality assurance. 


Box 9 


The cost of shock requirements is added. 
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Box 10 



The annual crew wages are computed in this box 



Box 11 Maintenance and repair costs are computed. 

Box 12 The present value of twenty-five years of main- 

tenance and repair costs is computed in this box. 

Box 1 3 The present value of the life cycle cost is 
computed . 

6. Effectiveness Subroutine 

Box 1 Initializes the error return code. 

Box 2 Calculates the values of the eight measures of 

effectiveness . 

Box 3 Determines if penalties are to be assigned for 

endurance or toning pull depending upon the input 
value of the effectiveness mode indicator. 

Box 4- The effectiveness is calculated. 

Box 5 The cost-effectiveness quotient is computed in 

this box. 



7. Poweri ng Subroutine 

The powering subroutine is the same as that used in 
reference (9) and is based on Taylor ! s Standard Series s 
reference (11). 

8. Output Su br outine 

The output subroutine prints the output of the program. 
If no initial, feasible solution is found it prints non- 
zero values of the variables which were calculated so that 
the user can determine the proper course of action to take 
to obtain a feasible solution. For a complete run, the 
output subroutine prints a page of output for each Improved 
or equally cost-effective design which occurs. Upon 
completion of the program it prints a two page output 
listing which provides additional data on the optimum design. 



APPENDIX 3 

Details of Calculations 



1* Main Rout ine 



The details of the main routine were given in the pro- 
ceeding appendix. The dimensions and coefficients are 
computed in box sixteen of the main routine. The midship 
coefficient is computed using a formula presented in ref- 
erence (13) • The minimum allowable freeboard is based on 
a curve presented in reference (18). The remaining dimensions 
and coefficients are computed using standard naval archi- 
tecture relationships and equations. 

2 . Design Subrouti ne 

The design algorithm contains the mathematical model 
of the salvage tug. It first computes the weights of the 



seven standard weight groups, the weights of the provisions 
and stores, the margin weights, and the fuel weight. The 
internal volume available is then approximated and the volume 
requirements computed. The stability, endurance range, 
bollard pull, and deck area aft are then computed. 

The seven standard weight groups are estimated by 
using curves fitted through data points provided by ref- 
erences (4), (3), and (17)? and reference (21) in the 
case of weight group one. The sum of these weight groups 
is the light ship displacement. 



The crew size is roughly 



certain portion of the crew to 
to be a function of the ship s 



approximated 
be fixed and 
ise and power 



by assuming 
tQc remuxa 



The constants 



in the equation were determined by using the data for the 
ATS and the PY6? ATP design. While not very refined, the 
equation proved adequate. Of the crew, 8.4 percent are 
assumed to be officers, 6.3 percent are assumed to be 
chief petty officers, and the remainder are assumed to be 
enlisted hands. 

The weights required for crew, stores, and repair parts 
are based on data in the weight statements of references (5) 
and (IT), and reference (2). The salvage weights were as- 
sumed to be the same as provided for the ATS design. 

The margin weights are taken as a percentage of the 
light ship displacement in the same proportion as they were 
in the ATS design. The margin weight totals seven percent 
of the light ship displacement. 

The weight available for fuel is computed by finding 
the excess weight between the weight sum, PLDIS(2), and the 
random variable ship displacement. 

Tne internal volume of the hull is computed by scaling 
the gross bale cubic of the hull by the square root of the 
midship section area to the main deck divided by the midship 
section area to uhe waterline. This method was arrived at 
after several other methods were investigated to suitably 
approximate the volume of the ATS-1 hull. The AT8-1 
volume was determined by integrating the body plan section 
areas. The ATS-1 has a raised deck for the forward half 
of the length of the ship which made approximating the 
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volume difficult. The superstructure is assumed to co-ntain 
two deck, the upper one six feet less wide than the lower, 
and both one-quarter of the length of the ship long. 

Engineering space length is computed by adding the end 
clearances allowed in the ATS design to the engine length, 
'while diesel engines cone in discrete lengths, an examin- 
ation of reference (11) showed that due to tho variety of 
engines available from the several manufactures, the length 
could be considered as a continuous function for purposes 
of approximation. Fairbanks Horse engines were used to 
construct the length equations. 

The volume requirements for the provisions and stores 
are computed using stowage factors provided in reference 
(5)» The volumes required for the crew’s habitability 
spaces are computed using the guidance of reference (23). 
The remaining volumes are estimated by relations developed 
after conducting a volume analysis of the ATS-1 design. 

3. Co s t s u br o u t ine 

The basic ship cost is computed using the cost 
estimating relations listed in Table III. To the base 
price, the following cost percentages are added: 



K* rgin 

Design and Construction 

Escalation 

Profit 

Change Orders 
Post Delivery Expenses 
Quality Assurance 
Shock Requirements 
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The acquisition cost is the cost which resu3.ts when the 
above cost percentages are applied, to the basic cost as 
outlines in reference (1). 

The annual crew wages are computed using the annual 
wage listed in Table III. These figures are merely 
approximations which are to include annual pay, subsis- 
tence, and the pro-rated cost of the supporting naval 
establishment . 

The annual maintenance and repair costs are estimated 
by an equation derived from the curves of figure 30 of 
reference (3) . The costs predicted by that figure have 
been increased by twenty-five percent to make allowances 
for a diesel engine propulsion plant, and also upgraded 
at four percent interest to make allowance for cost in- 
creases since reference (3) was published. 



APPENDIX C 



Program Variables 

The following is a list of the variables which appear 
in the programs. Numbers in parenthesis following the 
variable names indicate the dimension of the variables. 
Names listed under the heading "program" indicate that the 
variable is calculated in that sub-program. 



VARIABLE PROGRAM REMARKS 



AM 



AMI 



AN 



ARHMNT 

B 

3M 

3MARG- 



BOLPUL 

BRE'Q 



CARDS 



CB 



DESIGN 



DESIGN 



INPUT 



MIN 

DESIGN 

DESIGN 

DESIGN 

DESIGN 



DESIGN 



MAIN 



The area of the midships section 
of the underwater body at the full 
load displacement. 

The area of the midships section 
to the main deck intersection at 
side. 

The floating point representation 
of the specified number of loops 
which the search, is to conduct. 

A program input which is the 
weight of the ship armament in 
tons . 

The ship beam in feet. 

Metacentric radius. 

The builder's margin vrhicb is 
taken as one percent of the light 
ship displacement. 

The bollard pull developed. 

The beam required in order to bo 
able to fit four diesel engines 
abreast . 

The weight in tons of the ship 
officers, crew r and effects. 

The block coefficient. 
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VARIABLE 


PROGRAM 


REMARKS 


CDT 


RESIGN 


A number used in calculating the 
provisions required for the crew 
for sixty days. 


CHILL 


RESIGN 


The weight of chilled stores 
required for the crew. 


CHGS 


RESIGN 


A weight allowance for change 
orders which is taken as 1 . 2 % 
of the light ship displacement. 


CM 


MAIN 


The midship section coefficient. 


C?0 


RESIGN 


The number of chief petty officer: 
which, is computed as 6 .~$% of the 
crew size. 


CR (621 0) 




An array containing Taylor's 
resistance data. The data is a 
program input. 


CREW 


RESIGN 


The required number of personnel 
for the tug. 


0S(3) 


COST 


(1) The acquisition cost. 

(2) The annual crew wages . 

(3) The annual maintenance and 
repair costs. 


C31’ 


COST 


Interim value of the acquisition 
cost. Contains life cycle cost 
upon completion of the subroutine 


CSTAR. 


kiiiA 


The value of the minimum C STEEP 
found in the search. 


C3TEPP 


EFFECT 


The quotient formed by dividing 
the life cycle cost by the ship 
effectiveness . 


031' nG ( 7 ) 


003T 


The estimated construction costs 
for the seven navy weight groups. 


CUBIC 


RESIGN 


The ship's cubic number. 


cv 


MAIN 


The volumetric coefficient. 


C¥P 


RESIGN 


The waterplanc coefficient. 


R 


'•LA IN 


The depth of the hull at the 



midshir section. 
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VARIABLE 


PROGRAM 


REMARKS 


DIESEL 


DS3 IGN 


The required potter output for each 
of four installed diesel engines. 


BIST 




An input specifying the required 
endurance range of the tug. 


DK APT 


DESIGN 


The dech area aft of the totting 
machine . 


DMARG 


DESIGN 


The design margin, which is assumed 
to be hfo of the light ship dis- 
placement. 


DRY 


DESIGN 


The weight of dry provisions 
required for the crew. 


B(8) 


EPPECT 


The measures of effectiveness: 

(1) Endurance 

(2) Pulling power 

(3) Deck area aft 

(4) Bollard pull 

(5) Ballast 

(6) Draft 

(7) Excess volume 

(8) Excess stability 


EPP 


EPPEOT 


The relative effectiveness of the 
design under consideration. 


EHP 


POYER 


The effective horsepower of the 
tug at the towing speed. 


ELK STS 


DESIGN 


The weight of electronic stores 
carried. 


EM 


DESIGN 


The number of enlisted men in the 
crew . 


EMB 


DESIGN 


One hundres and five percent of EM 
in the crow. 


ENDUE 


DESIGN 


The actual endurance range real- 
ized with the weight of fuel 
allowed by a design. 


ENGL 


DESIGN 


The length of one of the four 



diesel engines in the propulsion 
nlanc. 
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The required length of the eng- 



ineering spaces, 



ENG 3 PL 



VaRIA BLfc 



FBDACT 

PBDMIK 
PLDIS (2) 

FOAM 

FREEZE 

FUELlvT 

GALLEY 

GAS 

GEESTS 

GFM 

GMAOT 

HE 

I 

I 

IJ 



program 

MAIN 



MAIN 



DESIGN 



DES IGF 
DESIGN 



DESIGN 

DESIGN 

DESIGN 



DESIGN 

DESIGN 

DESIGN 



DESIGN 



MAIN 

INPUT, 

OUTPUT 



MAIN 



REMARKS 

The actual freeboard resulting in 
the full load condition. 

The minimum allowable freeboard. 

(1) Full load displacement with- 
out margins. 

(2) Full load displacement with 
margins . 

The weight of salvage foam carried 

The weight of frozen food required 
for the crew. 

The weight of fuel carried. 

The volume required for the galley 

The weight of the compressed gas 
carried. 

The weight of the general stores 
required . 

The weight of the government furn- 
ished material not included in the 
weight groups. 

The resulting metacentric height 
of a design. 

The required number of items for 
the crew's sanitary spaces. 

An index used in updating the 
values of the random variables. 



An integer used in establishing 
arrays . 



An integer used in updating the 
value of the random variables 
which yielded an improved sol- 
ution. 

The number of loops which will bo 
searched at each of the four uc- 



IM(4) 



INPU T 



VARIABLE 



VARIABLE PROGRAM 


REMARKS 


11 INPUT 


An index used in reading input 
arrays . 


12 INPUT 


An index used In computing the 
values of IK. 


J INPUT 


An index used in establishing the 
array MEXP. 


K INPUT 


An index used in establishing the 
array ¥. 


K1 RAIN 


The number of successful designs 
evaluated. 


L MAIN 


The random search loop counter. 


LOADS DESIGN 


The weight of the consumables plus 
the salvage equipment. 


M MAIN 


The value of the exponent for the 
random search updating mechanism. 


KEXP ( 4 ) 


The input values of the desired 
updating exponents for the random 
search. 


MODE 


An input which effects the calcu- 
lation of EPS 1 . See User Instruc- 
tions for use. 


MODE? 


An input which specifies the type 
of powering calculation desired. 
See User Instructions for use. 


N 


The required number of loops 
specified as an Input. 


NCPO DESIGN 


The integer number of chief petty 
officers in the crew. 


KEM DESIGN 


The integer number of enlisted 
men in the crew. 


KERB DESIGN 


The integer number formed by 
increasing KEM by five percent. 


NERR DESIGN, 

EPNECX 


An error flag used in the subrou- 
tines to indicate that the design 
does not meet the specified 
requirements. 
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VARIABLE 


PROGRAM 


REMARKS 


MLAV 


DESIGN 


The number of lavatories required 
for the crew wash rooms. 


NOE? 


DESIGN 


The integer number of officers in 
the crew. 


NSH 


DESIGN 


The number of showers required for 
the crew. 


NUR 


DESIGN 


The number of urinals required for 
the crew. 


NWO 


DESIGN 


The number of water closets re- 
quired for the crew. 


HI 


OUTPUT 


The type of output data: 

1 = output for no solution 

2 = intermediate improvement 

output 

3 = final output 


OFF 


DESIGN 


The number of officers in the crew 
represented in floating point no- 
tation. 


OILLUJ3 


DESIGN 


The required weight of lubricating 
oil for the engines. 


PAH FRY 


DESIGN 


The volume required for the ward- 
room pantry. 


PC (3) 




The specified values of the pro- 
pulsive coefficients for the tow- 
ing; endurance^ and full speeds. 


PROVE 


DESIGN 


The weight of the provisions re- 
quired for the crew. 


REP3XS 


DESIGN 


The weight of the repair stores. 


RKB 


DESIGN 


The height of the vertical center 
of buoyancy above the base. 


RKG 


DESIGN 


The height of the vertical center 
of gravity above the base. 


SALVG 


DESIGN 


The weight of the salvage gear. 


SG300 


DESIGN 


The weight of the electrical power 



generation equipment. 
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VARIABLE 


PROGRAM 


REMARKS 


S &301 


DESIGN 


The weight of the power distribu- 
tion switchboards. 


SC-3023 


DESIGN 


The weight of the lighting and 
power distribution system cable. 


SG3501 


DESIGN 


The weight of the electric plant 
repair parts and the generator 
fluids . 


SHIPS! 


DESIGN 


The weight of the ship store 
stores. 


SHP 


POWER , 
DESIGN 


The maximum installed horsepower 
for a design. 


SHPEUD 


POWER, 

DESIGN 


The shaft horsepower required at 
the endurance speed. 


SHP INS 




The value of the maximum shaft 
horsepower if the power is an 
input , 


SHP1 


POWER, 

DESIGN 


The shaft horsepower required at 
the maximum speed. 


SHP 2 


POWER , 
DESIGN 


The shaft horsepower required for 
the towing condition. 


SL 


MAIN 


The ship length between perpen- 
diculars . 


SMLSTS 


DESIGN 


The weight of the small stores 
carried. 


SS31 


DESIGN 


The breadth of the lower super- 
structure dock. 


SSB2 


DESIGN 


The breadth of the upper super- 
structure deck. 


STORES 


DESIGN 


The sum of the general stores, 
electronic stores, and the repair 
stores . 


ST SHED 


DESIGN 


The weight of the medical stores. 


ST3 


DESIGN 


The sum of SG300. SG301 , and 
SG3023. 
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VARIABLE 



T 

TEMP 
TIKE (4) 

TMAX 
TOY, TOW 
TOWFUL 

TOWLES 

VAMMO 

VBAGS 

VBAL(2) 

V BERTH 

VOHILL 

vcos 

VOPOJBK 

VCPOHD 

VOPOM 



PROGRAM 


REMARKS 


MAIN 


The draft of the tug In feet. 


LESION , 
COST 


Used to store an intermediate 
arithmetic result. 




The fraction of the total number 
of search loops to be spent at 
each of the four updating expo- 
nents. 




An input which limits the maximum 
value of the ship's draft. 


DESIGN 


The equivalent horsepower of the 
input value of the tow resistance. 


DESIGN 


The actual amount of towing pull 
power available from the power 
plant selected. 




The required towing pull of the tug 
in pounds. 




An input which specifies the amount 
of internal volume required for the 
ship 1 s arnrau ni t io n . 


DSSIG5 


The volume required for the crew's 
baggage stowage. 


DESIGN 


(1) The required volume for the 
ballast tankage. 

(2) The excess volume beyond that 
which is required. 


DESIGN 


The internal volume required for 
crew berthing spaces. 


DESIGN 


The volume required for CHILL. 


DESIGN 


The volume reserved for the 
Commanding Officer's storeroom. 


DESIGN 


The volume required for the chief 
petty officer bunkroom. 


DESIGN 


The volume needed for the chief 
petty officer's sanitary space. 


DESIGN 


The volume required for the chief 
petty officer messroom. 
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VARIABLE 


PROGRAM 


REMARKS 


VDIVSK 


DESIGN 


The volume of the diving shop. 


VDRY 


DESIGN 


The volume required for dry 
provisions . 


VELKST 


DESIGN 


The volume required by the elect- 
ronic stores. 


VEMBR 


DESIGN 


The volume of the enlisted men's 
berthing spaces. 


VEMHB 


DESIGN 


The volume of the enlisted men's 
sanitary facilities. 


V3SMM 


DESIGN 


The volume required for the enlis- 
ted men's mess. 


VFAN 


DESIGN 


The volume needed for fan rooms 
and uptake spaces. 


VEEZ 


DESIGN 


The volume required by the frozen 
foods. 


VFUEL 


DESIGN 


The volume needed for the stowage 
of fuel. 


VGENST 


DESIGN 


The volume required for the general 
stores stowage. 


VGRDTK 


DESIGN 


The volume required for the chain 
locker and windlass room. 


VBD 


DESIGN 


The volume required for the san- 
itary spaces on the ship. 


VXTS 




The input which specifies the 
required endurance speed. 


VLIQ 


DESIGN 


The volume of the liquids which 
are carried by the ship. 


VLKRS 


DESIGN 


The volume of the foul weather gear 
deck gear, and cleaning gear 
lockers. 


VLUBE 


DESIGN 


The volume required for stowage of 
the lube oil. 


Vi-lAOR 


DESIGN 


The volume required for the main 
and auxiliary machinery spaces. 



- 58 - 



VARIABLE 


PROGRAM 


REMARKS 


VMAX 




The input value of the maximum 
ship speed* 


VMED 


design 


The volume required for the stow- 
age of the medical stores. 


VMJSSS 


DESIGN 


The volume needed for the crew 
messing spaces. 


VMISSH 


DESIGN 


The volume required for the repair 
lockers, I.C. and gyro room, the 
M/G room, machine shop, carpenter 
shop, and filter cleaning shop. 


voices 


DESIGN 


The volume needed for departmental 
and executive office spaces. 


VOFFHD 


DESIGN 


The volume for the officer's 
sanitary spaces. 


VOPPSP 


DESIGN 


The total volume required for 
administrative and operational 
spaces . 


VOPPSR 


DESIGN 


The volume required for the officer 
staterooms . 


VOL 


DESIGN 


The total internal volume avail- 
able on the ship. 


VOLREQ 


DESIGN 


The total volume required for all 
purposes . 


VOPSSP 


DESIGN 


The volume needed for the operation 
department spaces. 


VPASSG 


DESIGN 


The volume reserved for passage- 
ways throughout the ship. 


VEEPS T 


DESIGN 


The volume required for the repair 
stores. 


VRTMOli 


DESIGN 


The vertical moment of all weights. 


VSALSH 


D.viS IGi: 


The volume of the salvage shop. 


V3ALVS 


DESIGN 


The volume required for the salvage 
stores . 


VS Eli VS 


DESIGN 


The volume of the ship service 
spaces . 
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VARIABLE 


PROG-RAM 


REMARKS 


V SHOPS 


DESIGN 


The volume of all of the shops. 


VSH3T 


DESIGH 


The volume required for the ship 
stores. 


VSRBAY 


DESIGN 


The volume required for the sick 
bay and sanitary space. 


VS MLS I 


DESIGN 


The volume required for the small 
stores storage. 


VSTRGR 


DESIGN 


The volume required for the steer- 
ing gear room. 


V3TRS 


DESIGN 


The internal volume required for all 
stores excluding the salvage stores. 


VTOW 




The input which specifies the 
desired towing speed. It is the 
speed for which TO VRIES must be 
computed. 


V WATER 


DESIGN 


The fresh water tankage volume 
required. 


VWINDL 


DESIGN 


The volume required for the anchor 
windlass room. 


W(8) 




The weighting factors for the ef- 
fectiveness calculation. These are 
input data.. 


WATER 


DESIGN 


The weight of fresh water required 
for the ship. 


WET SUE 


POWER , 
DESIGN 


The wetted surface of the ship's 
hull. 


WTAMKO 




The weight of ammunition which the 
ship must carry. This is input data. 


WTGPLS (? ) 


DESIGN 


The weights of the seven standard 
navy weight groups. 


WTLS 


DESIGN 


The light ship displacement with- 
out margins. 


WTL3M 


DESIGN 


The light ship displacement with 



margin weights. 
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VARIABLE 


PROGRAM 


REMARKS 


XB(5) 


mi N 


The values of the five independent 
variables which has yielded the 
best design. 


xkax(5) 




The maximum permis sable values 
which the five random variables 
may assume. 


XMIN ( 5) 




The minimum values which the five 
random variables may assume. 


XS1VE 


MAIN 


The value of the random variable 
being updated which resulted in the 
last valid design. 


XSGK 


DESIGN 


The excess metacentric height 
beyond the required ten percent of 
the ship beam. 


XSVOL 


DESIGN 


Any excess volume which results 
after the volume calculations have 
been completed. 


XV (5) 


MAIN 


The value of the random variable 
being updated and the values of 
the four random variables not 
being updated which resulted in the 
last valid design. 



zzz 



KA IN 



Variable used when initializing 
the random number generator. 



APPENDIX D 



User Instructions 

iiire n using the program, it is first necessary to 
establish upper and lower limits for the five design . 
variables. The variable limits selected must satisfy the 
inequalities (5) through (12). Initial values for the ran- 
dom variables must also be selected by the user. Naturally, 
these values should lie within the variable limits. It 
is not necessary that the set of initial variable values 
result in a satisfactory design. If the initial values 
are not valid, the program attempts twenty-four randomly 
generated combinations in an attempt to find an initial, 
feasible solution. If it is successful, it continues for 
the specified number of loops, if it is not successful, 
it prints an output page which can help the user determine 
what changes are necessary to obtain a feasible design. 

An example of an unsuccessful design is included in 
appendix F. 

The user has an option as to the type of powering 
calculation desired. The installed horsepower may be 
specified by the user or. the program can calculate the 
maximum required horsepower. The powering node indicator 
is as follows: 

0 Program calculates power required. 

1 Installed horsepower is specified. 



Another user 



option occurs in the choice of effectiveness 



cad.culation. Here there are four mode indicators which 
have the following result: 

M ode Indicator Resul t 

0 The endurance effectiveness is 

zero if the actual endurance 
exceeds the required. 

1 Excess endurance causes a 

decrease in effectiveness. 

2 Towing pull power greater than 

the specified required pull 
decreases the effectiveness. 

•3 Additional endurance and extra 

towing pull power are both 
considered unnecessary and de- 
grade the effectiveness. 

The following data cards must be provided: 



Card Columns Format 


Data 


1-1035 22-6p 617.3 


Taylor Standard Series residual 



resistance coefficients 



1036 


1 -4 


1 4 


number of loops desired 






6-10 


15.3 


percent of number of loops 
first exponent 


at 




16-20 


F5.3 


percent of number of loops 
second exponent 


at 




26-30 


15. 3 


percent of number of loops 
third exponent 


p i* 

Cv M 




36-40 


F5o 


percent of number of loops 
final exponent 


at 




46-47 


12 


first exponent for search 






51-52 


12 


second exponent for search 






56-56 


TP 


third exponent for search 






61-62 


12 


final exponent for search 





Card 


Columns 


Format 


Dat a 


1037 


16-25 


FI 0.5 


lower limit of displacement 




31-40 


F10.5 


upper limit of. displacement 




46-55 


F 1 0 . 5 


initial displacement 


1038 


16-25 


F10.5 


lower limit of speed-length ratio 




3 

6 


Pi 0.5 


upper limit of speed-length ratio 




46-55 


FI 0.5 


initial speed-length ratio 


1039 


16-25 


PI 0.5 


lower limit of beam-to-draf t ratio 




o 

- 3 - 

1 

T— 


F 1 0 . 5 


upper limit of beam-to-draf t ratio 




46-55 


PI 0.5 


initial beam-to-draf t ratio 


1040 


16-25 


PI 0.5 


lower limit of length-to-depth ratio 




31 -40 


P10.5 


upper limit of length-to-depth ratio 




46-55 


Pi 0.5 


initial length-to-depth ratio 


1041 


16-25 


FI 0.5 


lower limit of prismatic coefficient 




31-40 


F10.5 


upper limit of prismatic coefficient 




46-55 


F 1 0 . 5 


initial prismatic coefficient 


1 042 


6-10 


F5*2 


maximum allowable draft 




21-30 


F 1 0 . 2 


desired endurance range 



104J 6-10 



F5.2 



maximum speed 



Card 



Columns Format Data 



1044 


6-10 


F5.2 


endurance speed 




16-20 


i'5.3 


propulsive coefficient at endurance 
speed 


1045 


6-10 


F5.2 


towing speed 




16-20 


F5.3 


propulsive coefficient in towing 
condition 


1046 


5 


11 


powering mode indicator 




11-20 


FI 0.3 


tow resistance 




26-35 


FI 0.3 


installed power if powering mode 
indicator is not zero 


104? 


1 1-20 


F10.2 


armament weight 




26-35 


FI 0.2 


ammunition weight 




41-50 


FI 0.2 


ammunition stowage space volume 


1048 


5 


11 


effectiveness mode indicator 



6-10 


P5.1 


weighting 


factor 


for 


endurance 


11-15 


F5.1 


weighting 


factor 


for 


towing pull 


16-20 


F5.1 


weighting 


factor 


for 


deck area 


21-25 


F5.1 


weighting 


factor 


for 


bollard pull 


26-30 


F5.1 


weighting 


factor 


for 


ballast 


31-35 


i’5« 1 


weighting 


factor 


for 


ship draft 


36-40 


F5.1 


weighting 


factor 


for 


excess volume 


41-45 


F5« 1 


weighting 


factor 


for 


excess stability 
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APPENDIX S 



The Fortran IV listings of the main program, 
subroutines, and function used in this study are 
included in this appendix. 



r L D 1 a ( 2 ) ? IM ( 4) 
SPLS (7) 5 XE ( 5 ) ? 



salvage tug optimisation 

DIMENSION CR (6210) ? Cj ( 3 > ? CoI,-J'o(7)? c. (3 ) 

1 M E X P ( 4 ) s PC (3)5 TIME (4)? V 3 A L ( 2 ) ? W ( 8 ) - W‘ 

2 X M A X ( 5 ) 5 X i v , IN ( 5 ) ? XV ( 3 ) 

COMMON/ I / IM, 41 » ■' E X : 1 > MOLE » MODtP > • ? NCPGi .%E< V , NOFF 

CCimMO!\/R/ A . 5 AN -h'iIm I ? 3 ? 3 ■'■ ? B |V| ARo» 30L-PU<_ ? CANOE* CS? CHGs? CM ? 

1CPO? CM* CS ? * MoTErh* Co!/,G? CV? Ca'P ? D> i^iil j DXAFT* Ji'iARG? 

2 E ? . E H P ? c. Mi ? E N '.} Nit j c. H G o f L * r l^Al I > PI ; lo s FO.Ni' ? r oC L v\ 1 » 0 A o ? G F -i ? 

OFF? O i L i — . c ? P ~ ? PKvVo » r> k o ) ;TO'! SHF* S H P c '•! D ? i h P I . o ? Si-? 

STORES? oAL VG ? i * I I Me ? TMAX? TOwPoL? IOaRlS? VAiV.MO? VbAGS? 
VBERTH? v FAN * VFUEL? VGRD T.< ? VHD? VKTs? v/L<RS> VLUgE » VMACH> 

V M E S S ? V G F r 3 P ? VOL? V P A 5 i G ? V S A s V b > V S H 0 P o ? V S T R G N ? V s T R S ? 

V W A T E R > W ? W A T E R ? W E T S J K ? "ti T AMMO ? ;j T GP L S ? W T L S ? Vi T L SM ? X 6 ? 

X M I N ? XSGM? XSVOL? XV 



BOX 



3G |U i ACT 
ASS B 1 ? 
5VBAL ? 
6VMAX ? 
TV TOO ? 
8XMAX ? 
1 

CALL 



INPUT 



C BOX 



SL = m«0 
B = 0.0 
T = 0.0 
D = 0.0 
FBDAC T = 0.0 
CM = 0.0 
CB = 0.0 



CV = CcO 
EHP = 0.0 



WETSUR = O . C 
SHP = 0.0 
SHPFMD = 0.0 
DO J.0 J = 1 ? 3 
X V ( J ) = X B ( J ) 



WIGPLS(J) = 0 » O 
r ( J ) = -.0 

20 CONTINUE 

DO 21 J = 6 ? b 
WT GPL S ! J-l ) = 0 . C 
t { J ) = 

2 1 CONTINUE 

'■! T L c = f-/ 

FUELvT = C.C 
ENDUR = ‘.0 
VOL = 0.0 
XSVOL = O.C. 

RSC = w.O 



RKB = 0.0 
BM = -.0 
GMACT = 0.0 
CS ( 1 ) = 0.0 

CST = O.C 
CSTAR = 10000. 

nerp = c 

IJ = 0 

K1 = :: 
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Z 17. - R i ' ! D ( - 1 • 0 ) 

M .= V + 1 

C °0X ~ 

DO 150 L = 1 • N 
C BOX 4 AMD 

I F ( L - j v(] ) )4Q ,40,41 
4 ~ •' = ’ 1c X P ( 1 ) 

GO TO 6-' 

41 I F ( L - T V ( 2 ) ) 4 ? , '■> 2 * 4 5 
4 ? M = MEXP(Z) 

GO TO 60 

4 3 IF ( L - I M ( 3 ) ) 4 4 ? 4 4 j 4 5 
44 M = M E X P ( 3 ) 

GO TO 6 r ' 

4 5 V = MEX°{4) 

C BOX 6 

60 DO '50 I = 1*5 
XSA 'E = XV ( I ! 

C BOX 7 

DO 129 J = 1,5 
C BOX 8 

80 XV ( I ) = XB ( I ) J (XMAXvI) - XM I N ( i ) ) * ( ( 2 * C-RAND ( 0 . 0 ) - 1.0)**M) 
I F ( XV ( I ) - XMJN ( I ) ) 80 ,81 *81 

81 ] F ( X V A X ( I ) •- XV ( l )) 80*8? ,82 

8 2 I F ( L - 1 ) 91 *91 » 50 
C BOX o 

90 C-f TO ( 93 j 9 1 ,95 ,98 ,94 , , I 
PI PL = (\'VAX./XV < 2 ) )**2 

flD^I f ' 1 = ? . P r - + 0.01*JL + S L 2/48 0 0 0 « 0 
D = SL/XVl 4 ) 

92 C A - J. 97 7 + 0 , 01 o*XV I c ) h 0 . 0 7o* ( XV ( 2 ) ) - 0 . JL i 5* ( XV ( 2 ) **:» ) 

9 3 CV = 3 5 » 0 * X V ( 1 ) / ( SL 3 ) 

94 Cd = C'v * XV (5) 

->5 T = S 0 .9 T ( 3 5 e C X V ( 1 ) / ( SL >XV ( 3 ) *CS ) ) 

IF ( T*/ ax - T ) 125 *96,96 

5 6 - x v ( ) * T 

--7 p *- 0 " T = ^ - : - *• , ? 5 

I-l r.’OACT - :: r f ' : ' ’ 1 N ) 1 2 9 , 0 9 , 0 Q 
Q £ A c L / X 7 ( L ) 

o if n 7 

C a L L J • 9 I G 7 :, ) 

I ■“ ( M ~ R R ) 1 2 9 » L C ; * 1 2 9 
C BOX 12 
1 J C m L L 0 T 

CALL EFFECT (NLRB) 

IF ( NERR) 129, 101, 129 
10] <1 = K1 + 1 

I F ( CST AR - CSTEFF) 150, 11 0,110 
C BOX ] 1 

110 CSTAR = CSTEFF 

CA! L 7j P : T ! ? , L ) 

DO 111 I J = 1 , 5 
V j ( I J ) = XV(IJ) 
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Ill CONTINUE 
GO TO 150 
C BOX 12 
129 CONTINUE 

XV ( I ) = XSAVE 

SL = ( VMAX/XV ( 2 ) ) **? 

0 = S L / X V ( u ) 

CM - = L • 9 7 7 + 0 • 0 i S * X V I 2 ) + 0 • 0 7 o' r ( X v ( ) r 2 ) ~ j , 1 1 5 * ( X V ( 2 ) 

cv = 3 5,0 * X V ( 1 ; / ( SL »* ' ) 

CB = C^' * XVI 5) 

T = SORT ( 35 .C*XV( 1 ) / ( SL*XV ( 3 )*CB ) ) 

8 = XV ( 3 ) " T 

I F ( L - 1 ) 140 ? 1 4 C » 1 5 0 
C BOX 1 A 

140 IF ( I - 5)150*141.141 

141 I F ( IJ) 170*170*150 
C BOX I 5 

150 CONTINUE 
C BOX 16 

DO 160 IJ = 1.5 
XV ( I J) = XR( I J) 

160 CONTINUE 

SL = ( VMAX/XVt 2) )**2 

D = S L / X V ( 4 ) 

CM = 0.977 + 0. Ci6*XV < ^ ) + 0»0fb*(XV( )**v) - 0 . 1 1 3*< X V ( 2 ) 

CV = 3 5.0 # XV ( 1 )/( SL ) 

CB = CM XV(5) 

T = SORT ( 35 . C*X7( 1 ) / ( SL*XV ( 3 ) *Cb ) ) 

6 = XV ( 3 ) * T 
C A L _ DESIGN (NERR) 

CALL COST 

CALL OUTPUT ( 3 5 L. ) 

GO TO ?0 r 
C BOX 17 

1 7C CALL OUTPUT ( 1 • L ) 

? r 0 CC^'TI'VLE 

pr a . 1 ^ 






function R A N J> ( X ) 
IF ( X ) 10.2C , 20 
10 I R A N D = 0 
RAND = 0 » 5 
RETURN 

20 IF ( I RAND ) 30 » 3 0 ? 40 
3C R 2 = 7 ** 13 
R 5 = 10**10 
RAND = ' o5 

I RAND = 1 
RETURN 

40 Rl = R 2 * RAND 

R4 = AMOD ( R 1 i R5 ) 
RAND = R4/R5 
RETURN 
END 



9 

10 

1 1 

12 

1? 

14 

15 

16 

17 

18 

20 

21 

22 

23 



.SUBROUTINE INPUT 

DIMENSION CR ( 6 2 10 ) ? Cola)? CS T ./ G ( 7 ) 9 E C 8 ) » FLDIo(2)? IM(4)? 
1MEXP ( 4 ) ? PC ( 3 ) » T I ME ( ) ? VBA L ( 2 ) * W ( 8 ) ? WT OPLS ( 7 ) • X3 ( 5 ) ? 

2 X M A X ( 5 ) * X M I N ( 5 ! ? X V ( J ) 



COMMON/ I / IM? 

COi v ii v iOi\ / R / AN? Ak v i,-' 

1CPO? CR? CS? CST ? 

2 E ? • E H P ? EM? END JR » 

3GMACT 
4 SS B 1 ? 

5 V 8 A L ? V 3 E R T H ? V F A N ? V , " U E L 
V M ESS? V0FF3P? VOL? 



41? MEXP? / ODE ? NiODEP ? X? NCPO 



\ t,i v i ? 

BOlPUL? CminIDE? 

D ? D I ST ? 



NOFF 
C d ? C rk 
DnAFT ? 



0 ? CH ? 

Di v iARG ? 



NT? b? a. "i ? bMARG ? 

C S T E F F ? C S T G ? C V ? C »\' P ? 

lN aSPL ? F c u ACT ? r LDIS ? F *J l L vv T ? G A a ? G M v i ? 

Or 1 ? 0 1 l. LU B ? r ■ w ? ^ riv 7 i ? R \ b ? R K G ? S H P ? S H F E N D ? S rl P I \ S ? S L. ? 
STORES? SALVG? ,* » TIME? TMAX? TOWPUL ? TORRES? VAMMO? VBAGS ? 



VGRDT 



VHD ? VI r; 



6VMAX ? 
7VT OW ? 
8X v AX ? 



VL4RS? VLU5E? Vi-lACH: 



V WATER? W» 1 
XM IN ? XSGM? 



READ (5*9) ( CR ( I ) ?I 
FORMAT ( 2 IX ? 6 F 7 . 3 ) 



:ater? wetsur, 

XSVOL? XV 
1 >6210 ) 



VPASSG? VSALVS? /SHOPS? VSTRGR ? VSTRSi 
WT Ah MO ? W i 3PLS ? WTLS? WTLSM? XB: 



READ(5?10)N? ( T I ME ( 1 ) ? I = 1 ? 4 ) ? ( M EXP(J)?J=1?4) 
FORMAT ( I 4 ? 1 X ? A ! F 5 <« 3 ? 5 X ) ? 4 ( I 2 ? 3 X ) ) 

DO 12 I I = 1 ? 5 

READ ( 5 ? 1 1 ) XMI N ( II)? XMAX ( 1 1 ) ? XB ( I 1 ) 

FORMAT ( 15X»3(F10*5»5X) ) 

CONTINUE 



READ ( 5 ? ] 3 ) TMAX ? DI ST 



FORMAT ( 5X • F5 .2 ? 10X , Fl 0. 2 ) 

READ ( 5 » 1 4 ) VMAX ? PC ( 1 ) ? T5 ? P C ( 2 ) • VTOW ?PC ( 3 ) 
FORMAT ( 5X?F5«2?5X?F5o 3) 

READ ( 5 ? 1 p ) MCDEP ? T CURES ? SHP I NS 
FORMAT ( 4X » I 1 » 2 ( ?X , F10 . 3 ) ) 

READ ( 3 ? 16 ) ARMMN T ? V/T AMMO ? VAMUC 
FORMAT ( 5X »3 ( 5X? FI 0.2 ) ) 

R E A D ( 5 ? ] 7 ) vqD E ? ( v, ( K ) ? :< = 1 ? 8 ) 

FORMAT ( 4 X ? I 1 ? 3 F 5 • 1 ) 



AN = N 



DO 18 I 2 = 1 >4 
I M ( 17) = ANYTIME ( 12) >0.1 

CONT I MtJE 
'•■’R I T p ( 6 ? 7 p ) 

FORMAT ( 1 h 1 » 3 2 X ? 'SALVAGE m-G OF i IMITATION ' /MX* ' PAGE 1'/) 



WR I r F ( 6 ? 2 1 ) 


,\] 9 ( I V ( I 


) • M 


EXP ( 


I ) ? I = I ? a ) 






FORMAT ( 9X ? ' 


T >rJ IS i R 


I AL 


h A d 


s v t A Lp ! .l 'j 6 i Ko * J I 4 > 


1 I * m The LXPu nE n 


T 1 


1AL RANDOM $ 


d A r\ (_ r J r 1 


/9X 


t ' T r 


d MUivdEk SF LOOPS 


-•mu OK v M T I ; " c. X K d i\ 1 


C 


2HANGES WERE 


Aj r 0 L 


LOW 


J — i 


//24X? , FIk5( 1 ? 1 A ? 


1 LCOPo EXPOSE, XT = 


1 « 


3 I 2 ? / 2 2 X 9 1 M E y T 1 j In j 


i i_ 


J V.. P S 


d X P 0 \ d X i — * f 


d X T 1 ? I 4 « 




4' LOOPS 


E Xt- ; E 


NT 


= 1,1 


2 5 / 0 X 1 1 LAST 1 ? 14? 


* l_OOkS EXPuXlXT = 


1 . 



512?//) 

W R I T £ ( 6 > 2 2 5 (XMIN( I ) -XMAX( I ) ?XB( I ) ? 1 = 1*5) 

FORMAT ( 9X ?' THE PARAMETERS CONTROLLING THE SEARCH WERE ~'//40X? 

1 ' M I N I MUM ' ? EX ? ' MAX I MUM ! ? 8 X ? ' I N I T I A L 1 / 9 X ? 1 D I SPLACEMENT ' , 1 7X ? F9 . 3 ? 

2 6X? F9. 3?6X?F9. 3/9X ? ' SPEED-LENGTH RATIO' ?1]X?3(F9.3?6X)/9X? 1 at AM -TO 
3 -DRAFT RAT 10 ' ? 10X ?3 ( F9 ? 3 ?6X ) /9X ? ' LENGTH-TC -DEPTH RAT 1 0 ' ? 8X ? 3 ( F9 . 3 ? 



46X ) / ?X ? ' PR I 5 A T I C COE F F i C I E N T ' ? dX ? 3 ( F? . 3 
W R I T E ( 6 ? 2 3 ) TM.AX • 1ST? VIC T S ? v M A x ? P C ( 1 ) ? J NT 
FOR Ft A T ( 9 X ? ' T H E 0 P E RAT 1 N G C H A ft A GTEKISTI a S 



(<)//) 

) ? L ( 2 ) ? V T C 

SPECIF i l u 



PU 3 ) 

Re. —'//EX? 
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2 4 

25 

26 

27 

28 

29 

30 

31 

3? 

33 

3 4 

3 5 

36 

37 

3 8 

■a 9 

4 7 



1 1 N: A X I MU ALLO'/J a hL c [ R A •- I 1 i r ^ • 1 i 1 F* f 1 / 9 A » ' R ■. wU I R F C END URmN C E = 

2 • * F 7 • 1 > ' NAUTICAL MILES AT '»r'4.1>» ICNGIS ' //9X> ' 1 HE SPEED LEGLIKE 
3 -ENT S WERE - ' / 2 6X , » SPEED ' » 8X > ' PROP ♦ * COEFF ♦ »/9X» 'MAXIMUM ' » 8X * F4 . 1 » 

4 ' KNOT S' > 6 X • F 3 • 3 / 9 X * ' ENDURANCE • « 6X » F4 • 1 * • KNOTS • » ?X * F 5 . 3 / 9X > 

5 ' T OW I NO ' » 9X * F4 . 1 , ' K N 0 1 S' > 8X » F3 . 3/ / ) 



■' R I T E ( 6 > 2 4 ) TOW RES 

FORMAT ( 9X* • T-iE TOv; RESISTANCE SPECIFIED WAS ' * FS - 1 * • POUNDS'/) 

I F ( ) ? 3 » 2 3 , 2 7 

WR I T F ( A , 2 6 ) 

FOkI i A I ( 9X * ' NO RcoTKTCriU.M A o PLACED UN 1 AX i i'iUi’i Ii'iSTALLtiD S HP * / / ) 



SP:_CIrIuD WAS 1 sr6<l ) 1 



GO TO 29 

WR I TE( 6 * ?3 ) SHP I NS 
FORMAT ( 9X» • THE INSTALLED POWER 
WR I T E ( 6 ♦ ? 0 ) ARM M N T , v T AMMO » VAN MO 

FORMAT ( 9X ♦ ' THE ARMAF ENT REGU I REM ENTS WERE - • / /9X > ' ARMAMENT 
1= ' »F54 2 > • TONS ' /9X, ' AMMUNITION WEIGHT = ' • F4 . 1 • ' TGNS'/9X» 



SHP ' / / ) 

WE I GHT 



2 ' AMMUMI T I ON VOLUME 



^ • 1 



:ub i ■ 



EET ' // ) 



WRI TE ( 6 » 3 1 ) ( W ( K ) » K=1 » 8 ) 

FORMA T £ ?X * ' THE WEIGHTING FACTORS FOR THE E FFECT I VENt-SS CALCULATION 
1 WERE -' //9X »' ENDURANCE '» 11X sF5. 1/9X •' TOWING Po. L ' , 9X > F 5 . 1 / 9X > 

2 'DECK AREA AFT ' » 7 X » F 5 « 1 / 9 X > ' . ' 0 L L A K D PULL ' » 8X >F5 . i /9X t • dAlLAST ' » 
313X»F5« 1/9 Xs 'SHIP D F A F I '>10X?F5el/9X?'ciXCLSS V 0 L u i - ' » 7XsF5»l/9X» 



4 'EXCESS STABILITY' »4X 
I F ( /ODE - ] ) 32 >34 , 36 
WR I T E ( 6 > 3 •= ) 

FORMAT ( 9X • ' NO PEi'LAlTV 



F 5 . 1 / ) 



■'! A 3 



ASSIGNED FOR EXCESS lNDUKANCE CR TOWING 



1 D U L L ' ) 

RETURN 

•>'R I TE ( 6 > 3 5 ) 

FOR ;M AT ( 9 X > 'A P c. i v j A L i ^ .-'IAS A S S I G > x c I r E N D U A /- 1 ^ cl X l cl ll -> cl 0 T “» h T R l l U I 

] RE r > i ) 

dETURN 

IF (MODE “ 2 ) 3 7 , 3 7 > 3 c 
WR I T E ( 6 > 3 3 ) 

FORM 4 T ( 9X > ' A PENALTY WAS ASSIGNED IF EXC-SS TOWING hULL WAS S'JPPlI 
1=T ' ) 

RETURN 

WR I If ( A , u" ) 

F 0 R M A T ( d X » ' ■ P - L T v W l 5 -SS I C- N •“ ■ • - 0 EXCH - -N , ^ x *« NC -1 A N D EXCESS 
it a I'.ir, o 1 i l L ' ) 

R D T i |DM 

DMO 
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C BOX 

C BOX 

C BOX 
50 

C BOX 
6C 



C BOX 

70 

71 

C BOX 
8 0 



C BOX 
90 

C BOX 
1 30 



C BOX 

no 



SUBROUTINE DEO> I G' i ( KERR ) • 

DIMENSION C R ( 6 2 1 0 ) > C3(3), 



CS TWG ( 7 ) » E ( 8 ) » Fl I S ( 2 ) ♦ I M ( 4 ) , 



1MEXPU), PC (3>? TjM£(' h ), 
2XMAX(5)» X M 1 1\ ( 5 ) ; XV ( 5 ) 
COMMON / I / I K > < 1 » M EXP) 

C G M M 0 N / R / A N * A r- ■ M \ T • B » 



V B A L ( 2 ) » W(8)> WTGPLS (7)) XB ( 5 ) » 



>iODnP i N 



’ PC ) Ei 'i ; 



)FF 



■ARG* BOLPUL, C A N D E > C3 * CHGS) CM, 



1CPC? CR» CS > CiT) CSTtFFi CSTWG) CV* CUP) D> DIST> uMAr T ) DMAKG) 
2E) FHP» EM) ENDURs ENGSPL* FBDACT* FLCIS) FOAM* FUEL’;/ T» GAS) GFM» 



3GMACT » OFF* C I L LU 3 » PC; 
4 S S B 1 ) STORES? o A L V G ) ,* ♦ 



PROV S 
TIME ) 



RKB» RAG) SHF) SHPEND) SUP INS* SL » 

T M AX-, TO W Put. * T 0 W R E S ) V A. M Mi 0 » V B A G S » 
5VBAL) V3ERTH- VFAN » VFUEL, VGRCTK » VHD * VKTSt VLKRS* VLUBE » VM.ACH > 
6VMAX) V Mi ESS) VOFFSP* VOL) VPASSG. VSALVS * VShlOPS* VSTRGR* VSTRSr 
7VTOW, VWATERt W, WATER* WETSUR* WTAMMO* WTGPLS* WTLS, WTLSM* XB* 
8XMAX ) XMIN* XSGM) XSVOL* XV 
REAL LOADS 



1 

NFRR = 0 

2 COMPUTE CUBIC NUMBER 
CUBIC = SL. * B * D/100. 

5 WHAT TYPE POWERING CALCULATION 
IF (MODEP 1999)60 *90 

6 CALCULATE S.H.p. AT MAX SPEED AND TOWING SPEED 
CALL POWER ( VMAX )PC( 1) »SHP1) 

CALv. POWER ( VTOW *PC ( 3 ) * SHP ) 

TOWPOW = TO VIRES * VTOW * 1.689/550.0 
SHP2 = SHP + TOWPOW 
I F ( SHP2 - SHP1 170)70) 1 1 

7 INSTALLED POWER IS THE MAXIMUM OF ABOVE POWERS 
SHP = SHP 1 

GO TO 80 
SHP = SHP 2 

8 CALCULATE ENDURANCE POWER 
CALL POWER ( VKTS»PC( 2 ) >SHPlND ) 

TOWPUL = (SHP - SHP 2 TOWPOW ) *550 . 0/ ( 1 . 6f 9*VT0/: ) 

GO TO 110 

9 CALCULATE S.H.p, A1 ENDURANCE SPEED IF MAX o.H.P. IS INPuT 
CALL P 0 w E 5 ( V K T - ,kC ( 2 ) * S-iP_ .0 ) 

IFISHPEND - SH-' I’-.S ) 10 J ) 100 )99 v 

10 COM PUT E MCTo-\L iUuLlf\E r'OLL 
call POWER ( V TO.V )LC ( 3 ) ) SriPl ) 

SHP 2 -■ SHP I NS - SHP 1 

T 0 w d UL = SHP 2 550,0/(1.639 * VTOW) 



SHP = SHP I NS 

11 CALCULATE' LlC-f-T Si-! I P v.lIG-ic /.IT.lCuT MARGINS 

WTGPLS(l) = 0.3*CUSIC 

WTGPLS (? ) = 54.0*( SH°/ 1000.0 )**0. 8 

SG300 = 0. 00555-x-SHP 

SG301 = 0.1 35* (SHP/ 1000.0)** 2 

SG3023 = C.00264*CUB I E + 0 . 00 2 03 5* CUB I C* *2 / 1000 . 0 

ST 3 = SG300 + SG301 + SG3023 

SG3 501 = 0.001 S T 3* x-p 

WTGPLS ( 3 ) - SI 3 + SG3 501 

W T G P L S ( 4 ) = SG3C2 3 - C . C0264' ; 'CL" I C 



73 




! 



■ 



i 












u u 



WTf.pi. s ( r - ) = 380.0 4 0 .03] -"-CUB I C + SHP/90.0 
WT G D L 5 ( 6 ) = 133.0 + 0 . 063*CU6 I C 
W T G‘P I . S ( 7 ) = ARMMNT 

W T lS = UToPLSf 1 ) + A 1 i u?LS ( 2 ) + w T GP LS ( 3 ) + W T GH Lo ( a ) + vi T GP LS ( 3 ) 
1 + WT6PLS ( 6 ) + WTGPLS ( 7 ) 

BOX 12 COMPUTE FULL LOAD DISPLACEMENT LESS MARGIN 
ESTIMATE CREW SI7E 

120 CREW = ? 6 . 3 + 0 .00347 >CUR I C* ( SHP/ 1000.0 ) 

T c ° = ].075*WTL5 + 1 . '*? 1 *CREW + 140. C + W T AMMO 
I^tXVM) - TEVP)9P9«999»]?] 

121 NO-p - 0 . 034--CRF v. + 0.5 
NCPO - 0.963*CKEW 4-0.5 
NEM = 0.853*CREW 4- 0.5 
OFF = NCFF 

CPC = NCPO 
EM = NEM 

CREW = OFF 4- CPO 4- EM 

C COMPUTE WEIGHT OF CREW AND EFFECTS 

CANDL = ( OF F*40 0.0 4- v! D 0*330.0 + EM* 23C . 0 ) / 2 240 . 0 
C COMPUTE WEIGHT OF PROVISIONS AND S FORES 

CD T = CRFW*6C. 0/2 240.0 
DRY = '4.0*CDT 
FREEZE = 1.3*CDT 
CHILL = 1.12 * C D T 
SHIP ST = 1 . 1 3*C0T 
S T S MFD = 0 « 1 7 -“- C D T 
SMLSTS = 0 . 1 3*CDT 

PRuVs = DRY 4 FREEZE CHILL -f SnIPST 4- SI Si'iED 4- SMLSTS 
G E M S T S = 1 • v 6 * C 0 T 
E L N S T S - 0 . C 3 5 * v. T G P L 5 ( 4 ) 

REPSTS = 0 . 0 0 5 -”- W T L S 

ST'jR- S = G E N S T S 4- t L \ SIS 4- R E P S T S 
WATER = 0.926*CREW 
OlLLUB = 0.0025*SHP 
C COMPUTE SALVAGE ''/EIGHTS 

FOAM" = n . 2 ^ 

■ ' ^ r l t— ft ' r 

5 : A ! . V 0 = I*"?,- 

L L A D ~ S 1 kj ' t s 4- VATs.I 4 ul Luu“ + F U A 4- o A S 4- S A L V ' j 4- P R 0 V S 

f L l 1 st i ; = 1 1_ o 1- c A n j c + load 4- wt a<v»iw 

C BOX 13 COMPUTE "AR3INS 



C 

C BOX 



C SOX 

160 



^4 ' E i - — 0 o-l /j T L w 

QP-RS = C . C 4 W T L 5 
C--;ss = ' . 0I2*.-.TLS 
G F - 0 . ' 0 r “- W T L S 

ADu MARoIN Wn iGnl TO FULL LOAD i)i SPlACEKE N1 
F L D I S ( 2 ) = F L D I S ( 1 ) 4- dMARG 4- Di v iAkG 4- CHG5 4- GFM 
14 COMPUTE WEIGHT A/AILABLc FOR FUEL 
FUELWT - XV ! 1 ) - FLDIS ( 2 ) 

I F ( FUELWT ) 99S» 9P9 • 160 

16 E S T I V: ; ~ 4 INTERNAL /GLUME OF HULL 



AMI - 



•7 4 - 



VOL 



c 



= C3*cu5IC*iog.o*sgrt(a:- i/; ) 

ADD SUPEKoT kl'CT JRE I.VIEkNAL v'olO-'IF 





I F ( S L 


- 150, 


0)161 


16] 


S3 81 = 


g 






S S B ? = 


SSP1 


_ a, r\ 

w’ e Lv 




GO TO 


163 




16? 


CCR] = 


1 5 '% 0 


* =» / F L 




'S 3 ? = 


c S q l 


-6,0 


163 


VOL = 


VOL + 


( SL/4 


BOX 


17 







171 


DIESEL = 

I F ( D I FSEL 
ENGL = 3 . 


172 


8REQ = 32 
I F ( 8 - RR 
ENGL =13 


173 


FREQ = 38 
I FIB - RR 
ENGSPL = 


1 74 


GO TO 175 
ENGSPL = 


175 


VMACH = ( 



COMPUTE MACHINERY \ND AUXILIARY SPAC 

D / A . O 



s :?2 ) /2 . o ) -“-16.0 

REQUIREMENTS 



GL + 14.0 0 « 1 * S L 

- L . 0 ) <-3-“ENC-SPL 
COMPUTE VOLUME REQUIRED BY LIQUIDS 
VFUEL FUEL L T * 43.0/0.95 

VWiTFR = WATER *3 6 . C 
V LUBE - 0 1 LI 08*39 • 0/C ,95 
V L I Q — VFUEL ■+■ V V.- A T f- R 4 - V L u *_ t 
T n P = ViT ACH + V L I U + VA. v i. 10 + 75000.0 + 2( 



! . u-L KC 



3 9 



1 315 . 0 C D ' 



,v T L S 



179 



I F ( V 0 L - TEMP ) 999 » 999 j 179 
VQRY = 6C.0*DRY 
V FC ?Z = 5 7 « q •* F R E E Z F 
VCHILL = 6 8 • C*CHI L L 
vshst = 6 F .0 ships! 

V M c 0 = 5 

VcW>’ LS 1 = 17 3.4 1.4; i 6 

VGEN3T = 123.-- : -G cr - 
VELD ST = * 9 ; » 9 ELY 
v REP IT = 1 1 PST f 

VSTRS = (VERY r 0 c k L - 
1 VELVET + VREPO’ ) /-.7 



.L + 



Vj 



\/4ALV c ‘- = •544 3 0 * 0 

VOE-S R = ( 2 0 0 " c I C 7 . 0 + 4 5 . o- - 2.0) ) * F « 0 

V C P 0 E < - 2 6 . 0 * CPC 8 5 
N F M R = 1 . 0 5*EM + 0.5 
FMB = ME MB 

VEMBR = 16.0-“-EMr-::-8.5 

VBERTH = VOFFER + VC D DF< + V E R 

COMP JT F S.i\:TA--Y [TV ' E. 

V 0 f E (' .• — 1 2 _ ® u ■''* ; 9 
VO P 0 H J = 5 - c J b . 4 



0*sL + 



•7 c 

i Y 



c 

r 

C 

C 



C 

C 



1 7 6 



NWC = EM3/2 3.C + 1.0 
MUR = EMB/4C.0 + 1.0 



N L A V = 


EM 3/ 15.0 + 


1 . 0 


NS H = 


E M 3/30*0 + 


1.0 


HD = N 


WC + NUR + 


NLAV 


VEMHD 


= 1 7 . 8 " H D * 8 


K 


VHO = 


VOPFHD + VC 


OQHO 


COMPUTE MESS I N 


C- SPA 


II 

h 

z. 


0 e 7 ‘ : ' r 0 F F + 


1 .0 


NCPOM 


= o.65*CPO 


+ 1.0 


nemm = 


0.3*EM8 + 


1.0 


VWRM = 


2 0*NWRM*8 




VC POM 


= 1 5 * NCPOM* 


8 


VE'VM = 


t — • 

o 

m 

5|< 

00 




GALLEY 


= 3.0*CREW 


*8. 5 


PANTRY 


= 800.0 




VMESS 


= VWRM + VC POM + 


V8AGS 


= (1.5*OFF 


+ 0.5 



VEMHD 



COMPUTE OFFICE SPACE AND FACILITY VOLUMES 
VSv?,AY = 1275.0 
VOFFCS = 2400.0 
VOPSSP = 4480.0 
VSERVS = 2125.0 
VCOS = 200.0 

VOFFSP = VSKnAY + VOFFCS + VOPSSP + VSERVS + VCCS 
COMPUTE VOLUME OF PASSAGES 
VPASSG = (SL/4.0 + SSJ1 + SS82)*2A.C + 1.25*SL#25.5 
COMPUTE AIR 
VFA‘1 = 0. 1 94*SHP*R .5 

/CLUMP OF FOUL WEATHFR G 
LIM-M LOCKERS 
V L K R S - ] 2 Q 0 . 0 

COMPUTE VOLUME OF STEERING GEAR ROOT 
VSTRGR = ( S L / 1 2 . 0 ) *0 . o 7 ^*3*° « 0 
SHOP VOLUMES 
VOIVSH = 8100.0 
V S ' L S ^ = 7 2 ? 5.: 

vm is sh = e‘7f»; 

V S h 0 PS = V C I V S H + v S A „ S r V -1 I S S r- 

V C L U M. E RE U ; R 3 ; 3 Y G X C ^ A 3 i / C ’< L 
VGRDT < 



AN ROO’ 
"AR» Ot 



V 0 1, U M E S 

< GEAR* C L F A N I N G G E A K 



AND 



K t -■ • 
;• a i c 



" A A 



515. 



VWI ■*!! 

VG ROT < = V G POT k' + V 3 I ; i D L 

COMPUTE BALLAST re JuI RE'-'-ENT g 
VBA L ( 1 ) = 0. 1 * W T L S *• 3 5 . 0 

COMPUTE TOTAL VOLUME REQUIRED 

V 0 L R E Q = V S 1 R S + V S A L V S + V y E R T ri + VHP + V M L 5 S + V P A G S + 

1 VPASSG + VFAN + VLKRS + VSTRGR + VSHOPS + VGRUTK + VLlu 

2 + VAMMO 

V B A L ( 2 ) * VOL - VCLREC 
I F ( VB A L ( 7 ) - V A ( 1 ) } 1 7 7 • ] 7 6 « 1 7 6 
Xiv'OL = VGALi ') - v'-.'AL i 1 ) 

V E A L ( 2 ) = V 3 A L ( 1 ) 



VurFSP + 
+ VMACH 



• 76 - 



177 XSVOL = 

I F ( V3AL ( 2 ) ) °?9 > 18.3 - I C 
C BOX 18 IS STABILITY ADEQUATE 
C FIND VERTICAL C 'J TER Oh GRAVITY 

120 VRTMOY = D*( 0.74*wt<j?LS( 1 J + 0 * O'- To -Li> ( 2 i - . 7. WToALS(3i + 

1 1 « 0 5 3 * .7 T G P L S ( 5 ) + W T G P L S ( 7 ) ) + (0 + 4 . 5 ) ' : ' . 7 o l_ . .• ( A. ) + ( L) -r 2 • 0 ) * 

2 WTG^LS ( A ) 

p:<7 = ■; T L S 

VK TMOM = V R T I -i \j • t ( i' : rtk6 f D.iAi\b + CHui t- Si - M ) *k n'S 
1 + 0.405*0* (CANDE -I- LOADS + FUr_LV,T ) 

RKG = VRTM0M/XV ( 1 ) 

C COMPUTE WAT cRPLANE COtr h I C I cNT 

CWP = 1.136 + XV ( 5 ) * ( 1 . 7 5* XV ( 3 ) - 1 . " ) 

C FIND VERTICAL CENTER OF BUOYANCY 

RKR = ( 2.5*T - 35.0* XV< 1 )/(CV;P*SL*P) )/3,0 
C FIND EM 

EM = CWP* ( 0 e 07 2 7*CK'P + c. 0106 ) *SL~fe**3/ ( 35 .0*XV ( 1 ) ) 
c COMPUTE actual gm 

GM+CT = R <5 + EM - RKG 

C ASSUME REQUIRED GY (UNCONNECTED FOR FREE SURFACE) IS ONE-TENTH OF 

C THE SHIP BEAM 

XSG.y = GMACT - 0.1 * P 
I F ( XSGM ) 99 9 ; 190 ? 190 
C BOX 19 COMPUTE ENDURANCE 
190 FNDUR = FUELWT* 24 e L* V AT S / ( G « U037 5* SH P-r.N0 ) 

C BOX 70 COMPUTE POLLARD FULL 
BOLPUL = 2 5 » Q*S> <P 

C SOX 71 COMPUTE A-.OUMT or CLEAn Dc.Cn ARE* 4 at 



Df - i F T = S L * - / 3 . 

1 LS-" - T L S + N EA.-C + 0 ■ ;c -i vr.cS *f 

r -0 TO 1000 

C SET ERROk ir ca ti^oL ,T : aE. i, SU.: ,^'JTi 

999 NcRR = 1 

100 0 RET UK N 
- n r 
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SUBROUT I ME PO«ER< V ?PCI ? SHP'UuT ) 

DIMENSION CR ( 6 2 10 ) ? CS(3)* CST'o(7)? E(8>? FLOib(2)? IM(4)? 
1MEXPU)? PC ( 3 ) ? TIME C A ) . VBAL(2)? W(8)? PTGPLS ( 7 ) > XB ( 5 ) » 

2 X M A X ( 5 ) » X M I N ( 5 ) ? XV ( 5 ) 

COMMON/ I / I M » Kl? MEXP * MODE ? MCDEP? N » NC PQ ? RE Mi MGFF 

COi'-'ii'iUiN / R / Aii ) i ? B ? C' v . ?• fci.iARG? BOLPUL ? v.a\DE? CB» CFiGo? CM? 

1 C P 0 ? CK) C -3 ? C i ? i-i l trF i 1.0 i v.'b) v. v ? C 7 P ? L ? l) J i 1 ? L K. A F 1 ? DP A K o ? 
2E? EHP? EM? cNu'URs ENGsPL? ro^ACT i FLl' I b » FOAM? rUtLA'T » GAS? GFM? 
2G ,v iAC I ? Oh h t Oi LLui 1 i P _ ? r X uV j 5 K N o » RK. j ? c- H t" * oH'uNu! iriP 1 i\ S ? 3 1 — ? 
4SsBl? STOKES? oA.lv G ? I ? t I ML ♦ l <• AX • I v.vPOL ♦ 1 OwRcS » /AUr-rU » '/BAGS? 
5VBAL ? VBERTH? VFAM? VFUEL? VoRJliO VHC > VKTS? VLKR5 ? VLUBt * VpiACH? 
6VMAX? VMESS? VOFFSP? /OL* VPASSG? VSALVS? VSHOPS? VSTRGR? V5TRS » 

7V I OW ? VWAlER? W i W A 1 ti R ? WLISUR? L f AFiMO ? WTGPLS? WTLS? W1LSM? XB? 
8XMAM ? XMIN? XSGM? XSVOL » XV 
XPF,~( I I >JJ ?KK) = 2 3 * 1 5 * ( I I - 1 ) + 15*UU-1) + KK 
XPPFF ( I I ? JJ ?KK ) = 1033 + XPFF ( I I ? J J ? KK ) 

CONTI MUE 

VL = V / SORT ( SL ) 

I F ( VL - 0 » 5 ) 1 ? 2 ? 2 
1 VL = 0.5 

C COMPUTATION OF RESIDUAL RESISTANCE 



2 


CVV = 


CV* 10 00.0 




I F ( CVV 


-2.0) 89,9C?9U 


89 


mmm = 


0 




CVD = 


CVV-1 .0 




GO TO 


4 


90 


I P ( CVV 


~3*0)91?92»92 


91 


V M V -- 


1 




CVD = 


CVV - 2.0 




GO TO 


4 


92 


IF ( CVV 


-4. 0)93? 94? 94 


9 3 


mmm = 


2 




CVD = 


CVV - 3.0 




GO TO 


h. 


94 


I F ( CVV 


-5.0)95?96?96 


95 


II 


3 




CVD = 


CVV - 4c o 




GO TO 


u 


9 6 


v. v ' ' = 


u 



CVD = CVV ~ 5.0 
A I F ( X V ( 3 ) / ? . C - 1 » ? ) 7 ? 8 ? 8 
7 1 = 1 

GO TO 9 
S 1=2 

9 LL = 10C-.0*XV(5 ) 

ALL = LL 

AL = 1 0 0 . 0 * X V ( 5 ) - ALL 
IF ( AL-0.5 )10? 11? 11 



10 


U = 


LL 


- 


47 




GO 


TO 


12 




1 1 


J = 


LL 


- 


-5 


1 2 


K = 


2 0 


• 0 * 


'■ ( v l + 




L = 


XPFF 1 


: i ? j ? < ) 
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L = L + 10 2 5 MW 
AA = C R ( L ) 

L = XPPFF ( I )J»<) 

L - L + 1035*MMF 
BS = CR ( L ) 

L = XPFF ( I + i , J ,K) 

L = L + 1035*MV.-1 
CC = CR ( L) 

L - XPPFF( I + 1 » J » < ) 

L = L + 1 03 5*1*1 "'iFi 

DC = C R ( L ) 

L = XPFF ( I • J»K-1 ) 

L = L + 1 03 5'"' M MV' 

EE = CR ( L) 

L = XPPFF ( I t J»K~1 ) 

L = L + 103 5 *M M M 
FP = C R ( L ) 

L = XPFF ( 1 + 1 * J*K-1 ) 

L = L + 103 5*y,.v|M 
GG = C R ( L ) 

L = XPPFF ( 1 + 1 s J )K“1 1 
L = L + 1 03 5*i v il'iM 
HH = CR { L ) 

ABB - t 33-A A ) *CVD + A a 
ACC = ( DD-CC ) *CVO + CC 
ADC = ( FP-EE ) - CVD -i- EE 
AEE = ( HH-GG 5 *CV + GG 
IF( XV ( 3 ) -3. C ) 23 »24» 2A 

23 BHD = XV (3) - 2.25 
GO TO 25 

24 BHD = XV ( 3 ) - 3,0 

2 5 BAA = ( ACC — AbB ) -*oHD/0 • 7 5 + Abb 
33 B = ( AEE-ADO) tfbHO/0.75 + ADI 

AK = K 

VLR -- 0,45 + A K * 0 . 0 5 
VLD = VLR ~ VL 

C R I N T = B A A - r-Aa- E * ■ b ) - v L7.« 
AC R I N T = CR 1 N 1/ 2 0 0 •*. * 0 
C COMOJTE vl cTTED 5 U R F A C _ 0 0 1 

CS1 = 15.086 
CS 2 = 1 5 « 046 
CS3 - 15.115 

CS4 = 15.293 
I F ( X V ( 3 ) - 2 . 7 ^ ) 6 6 ? 6 /' ? 6 G 
6 6 A B H - 2.75 ~ X V ( 3 ) 

CWS = CS2 - ( ( CS2-CS2 )*ABH)/0.5 
GO TO 69 

67 CWS = CS2 
GO TO 69 

68 IF(XV( 31-3.25) 76^77,78 
76 A3H = 3.25 - XV ( - ) 

CWS = CS? - ( ( C S 5 -C 5 2 / A l '- ) / I , 5 
GO TO 69 
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77 


cws 


= CS^ 






GO 


TO 69 




78 


ABH 


= 3.75 - 


X V ( 3 ) 




cws 


= CS^ - 


( ( CSA~CS3#*A8H)/C.5 






COMPUTE 


SHP REQU i red 


69 


RE 


= 131773. 


0*V*SL 



p R E = ALOGlO(Rt) - 2.0 
CPS' = 0.075/ ( FRE**2 ) 

C r = (_ r S + 0 • 0 0 0 •'+ 

ACT = CF + ACRINT 
FK1 - 1. 25-1. C 3/ PC I 

CON = FK 1* V**3*CWS*G .008 71 8 4* SORT ( SL*XV ( 1 ) ) 
SHPOUT = CONTACT 
EHP = SHPOUT/ (FK1) 

WET SUR = CWS*SQRT ( XV ( 1 )*SL ) 

RETURN 

END 



SU-ROUTI \F COS i 

DIMENSION CR( 62] v ) > CS ( 3 ) r v_oT.-o(<)> 4 ( o ) » Fl. i ( <_• 1 , i ( 4 ), 
IMEXPlM ♦ P C ( 3 ) * Tit ( 4 ) ! V ■ - A L ( 2 ) » /. ( r ) , WlbPLSl , ) » Xr. ( 3 ) , 

? X W A X ( 5 ) . XS INC-)* XV(-) 

COMMON/ I / IM» K 1 » MFXPj MODE * MODEPi N » NCPC» MLM , i\OFF 

COMMON / 3/ AN* AK ■•’AJ 1 ' i B s r *’■ » .ARG * BuLFX'L » CANDt » C - » CHGS» Cr.j 



I CPC 



C K J Co 



* CM 



.STEF F 



.Si ■' >_ » CV » C iv H > lo i o I ? 4 A A r T * D,'.AKG» 

PL* EHP * 4 .*1 ; z 1 ! r 4 . . j • c 1 > F L ■-* I G * k L, •••. . * ~ j c. l. ... T ? Gmc i G F . . ? 

2 G f ACT? OF - 5 C I L L JB » - >J C • P 0 / s k \ B j k s. G ? i ' \ - > > t t- ; - E ' . 0 * s H P 1 1 o » S L t 

k 5 S F; 1 > i T 3 N ;■ S » A — V ' - * * : I y ! l. ? i . >Aa 1 .4 F 4 t ; 1 o , 1 1' ■ o j v A 1 ’ ‘ ,| o s V c; A G S : 

5V3AL * VRERTHj v'FAN* VFoF.l* VGRDI <.♦ VHO » VKTS» VLkRS ♦ VLLBi* VMACrH ♦ 
6V.MAX » VMESS » VOFFSPr VOL» VPASSG* VoALVS , VSHOPS* VSTRGk, VSTRS* 
7VT OW » V WA 1 E R j ? WA"*~R» l,c.TSUR» WfrM'u v iOt WlGPLS? <vlLS* V. T LSn t Xo j 

8 X v. * X » XMIN» XSGv. XSVOL» XV 
C BOX 1 COMPUTE COSTS PY WEIGHT GROUPS 
CSTWG(l) = : .0C?*VTGPLS ( 1 ) 

CSTl.'G ( ? ) = 0.006*'' TGPLS ( 2 ) 

CSTW0(3) = C . 0 0 8 * W T C ° L S ( ? ) 

CS T WG ( <- ) = 0.010*V;TC-LS (A) 

CSTWG( 5 ) = 0.00 4* W T ( 0 L S ( 0 ) 

CSX W G ( 6 ) = C . 0 0 5 * W T b P L S ( 6 ) 

CS T G ( 7 ) = 0.01 0* W T GP L S ( 7 ) 

CS T = CSTWG(l) + C S T a! G ( 2 ) + CSTWGC3) + CSTWGCA) + CSTWG(5) + 

1 CSTWGC6) + CS T*aG ( 7 ) 



C BOX v 



ADD COST FOR MARGIN 



CS T = l.C7*C3T 



C BOX ^ 



ADD DESIGN AMD CONSTRUE T I Oil COST 



CAT = 



C BO v A 



«l L 1- Ok 






CS T = l.D3*CST 



c 


E0X 


K 


ADD PROF 11 


AT 


7 Ptl-v-7. 


' N T 






CS T 


1 — 

•j , 

U 

V 
i — i 

II 








c 


BOX 


/ 

• T 


ALLOWANCE 


FOR 


CHANGES 








CS T 


= 1 « 0 1 * C S T 








c 


BOX 


7 


ALLOWANCE 


r 0 -x 


POST DtC. 


I VERY 






CST 


= 1 . 0 0 5 CST 








c 


BOX 


Q 


ALLOW A. .Ct 


Fj r 


Q'J flit i 


\ ^ 7 ^ ;j 






CST 


= 1.1 * CST 








r 


BOX 


0 


ALLOWANCE 


r C R 


S'~' 'C RE 


■•UI H-f 






CSC 


i ) = 1 . ~ *5 ”-C r 


7 






r 


BOX 


1 


'".W'L 




O 








CS ( 


2 ) - 


r r 


+ 


vJ W" b/ 


r- 


BOX 


1 1 


C 0 • P U T c '■ ■ 


i NT 


t r 4 a r : c e •• ^ 


^ R C. 






CSC 


3 ) = 0.20,5 


( XV 


( J ) /loL. w • 


) . 



COST 

•,"95 






10) 



0 3 





TEMP 


- CS ( 2 ) + OS ( 3 ) 






BOX 


1? 


COMPUTE PR E St NT VALUii 
AND OF CREW WAGFS 


Or 2 5 


YEARS 




TEMP 


= 1 5 0 6 7 2 0 3 -55- T E >1 T 






BOX 


13 


PRESENT VALUE OF LIFi 


CYCLt 


COST 




CST 


= C " ( ] ) + T V; O 








RUT. | 


O '■ 







31 - 



SUBROUTINE Effect (nFRR) 

D I MENU I ON CR < 62 iO ) > Co ( 3 ) s CoTV/G<7)» ( 8 ) » FLuio(2)s I r, ( 4 ) ♦ 

1 M t X P ( 4 ) s P C ( 3 ) s i I '■ E ( -+ ) s VoAL( 2) » ( 8 ) » W T U P L o ( 7 ) > X b ( 2 ) > 

2 X MAX ( 5 ) s X M I N ( 5 ) j XV ( 3 ) 

COMMON / I / I lx s A 1 ? i m lXP» f'lOJE i r.ODLP, ■» NCPO) wE;-i* iiOFF 
COiMM JN/R / AN j A Ki v .i'-i i ; T « b» b.'l s B ' 5 BOLPUL » CA'iDLs CB » CHGo » CM» 

lCPOs CK) CS j C_ST» CoTr. rr i Co l ;\ui Cv • v-.jP* o > DibTs DRAFT* D*iAko* 

2E * cohiP * EM •, EI\oUK« hNGbPL » FEjACT* FLDlb* ?-CA |/ j r utL, T > GAb » GF v ■ » 
3GMACT * OFF * OiLLUL* PC ' rKoV'S > KKB > RK.G; SHP? oHFtNb* SnPIKS* SL? 
4SSB1 * STOREo » SALV6 » Is TIME, i MAX » TOa’PUL* TORRES* VAMMOs VBAG 
5VBAL* VEERTHs V FAN s V~UEL* VGRDIA* 7 HD » VATS* VLARS* '/LUBE s Vf'iA 
6 VMAX s VM ESS » VOFFSPs JO Ls VPASSGs VSAL/Ss VSHOPS , VSTRGR » VSTRSs 
7VTOW * VWATERs a, WATER » WETSUR* WT AMMO » WTGPLSs WTLS* WTLSM* XBs 
8 X M A X s X M I N s XSGiY* XSVUL* XV 
C BOX 1 INITIALIZE ERROR CODE 
NERR = 0 

C BOX 2 CALCULATE INDIVIDUAL Er r LU' 1 VtNcoSES 
E ( 1 ) = ( ENDUR/D I ST - 1 . 0 ) * 1 5 • 1 5 1 5*W ( i ) 

E ( 2 ) = £ TOW PUL / TO L RES - 1 . 0 ) *10# B696*W ( 2 ) 

E ( 3 ) = ( DKAFT / 40 00.0 - 1 . 3 ) *79 . 2 57*W < 3 ) 

E ( 4 ) = ( BOLPUL / 89600C.O + 1 . 0 ) * . 8954*W ( 4 ) 

E<5)=(VBAL(2)/VBAL( 1) - 1.0)*1.814*>/(5 ) 

E < 6 ) = ( 1 • C - T/TMAX)*8.5793*W(6) 

E< 7 ) = ( XSVOL/34450. 0) *1 . 83 8 *'', ( 7 ) 

E< 8 )=( XSGM/ ( GMACT-XSGM) ) * 2 .34G2*W ( 8 ) 

C BOX 3 ANY PENALTIES FOR EXCESS ENDURANCE OR TOW PULL 
IF (MODE - 1 ) 30 s31 »32 

30 IF ( ENDUR-DI S i )4C *40 s 33 

31 E( 1 ) = -ABS ( E( 1 ) ) 

GO TO 40 

32 E < 2 ) = -ABS ( E < 2 ) ) 

IF (MODE - 2 ) 40 s 40 s 3 1 

33 E( 1 ) - 0*0 

C 3GX 4 CALCULATE EFFECTIVENESS 

40 EF^ - 100. + t(l) + E : 2 ) + E ( 3 ) + E ( 4 ) + E ( 5 ) + E( 6 ) 4 E ( 7 ) + E( 8 ) 
IF ( E FF - C . ] ) 63 ♦ 50 » 53 
C SOX 3 CALCULATE COSi/EFF-Ci C L 0 T I E N T 

50 CS T E' _c = CST/FF- 
RuTURM 

6 0 N E R R = 1 
R c. T u R N 
END 
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n 



1 

2 

•3 



4 

5 



6 

7 

B 



11 



] 2 



13 



SUBiwJT I ME Co T 1 J I ( l\ 1 , L ) 

D I i'-l EiNS l ON C R ( o 2 1 0 ) » C 3 ( 3 ) , C b I : u ( 7 ) » E ! 8 ) * F L C I b ( 2 ) , I M ( 4 ) , 

IME'XP ( 4 ) , PC ( 3 ) > T I i*iE ( -r ) » V0AL( 2) » W ( 8 ) , ' WT&PLb ( 7 ) ♦ Xb I 3 ) » 

2XMAX ( 5 ) , XMI.N(S)* XV ( ^ ) 

COMMON/ I / I M j K 1 ? MEXP » MODE , MCCEP* N * NCPO* NEW, NOFF 
COMMON, R/ AN 5 AkMMNT » B» BM , B'MAkG * BOLPUL, CANDE, CB; CHGS, CM* 
1CP0* CR , CS> CSX* CSTEFF, CSTWG, CV» CWP * D» DIST, DRAFT, DMARG * 

2E » EHP » EM* ENJUK. ENGbPL, F dD ACT * PLOTS » FOAM, FUELWT, GAS, GFM, 

3 G i v - A C I , OFF, 01 LLUB > PC, P K u V b , R K b , R ' I G , S H P » Sr'PEND, Sm P I N S , S L , 

4 S b B 1 , STORES, SALVG, T , T 1 1 • ■ t_ , T l v i A X , TOWPul. » T 0 kEo , VAi'iMO, VLAGSt 

5 Vb AL , VBERTH* VFAN, VFUEL, VGROIK, V HD , VKTS, V LXRS • VLC6E, VMACH » 
6VMAX, VM ESS , VOFFSP, /OL, VPASSG, VSAL/S* V SHOPS* VSTRGR, VSTRS* 
7VT0W* VWATER* V. » PATER, WLTSUR, WT AMMO , WTGPLS, WTLS* WTLSM* XB> 
&XMAX, X M I N , XSGM, XSVOL* XV 



GO 7 0 ( 1 ,6 ,21 ) »N1 
PR I T E ( 6 * 2 ) 

FORMAT ( 1H1 ,32X, 'SALVAGE TUG OPTIMIZATION'/) 

WRITE (6, 3) 

FORMAT ( 9X , ' THE PROGRAM HAS EVALUATED A DESIGN BASED ON THE SET OF 
1INITIAL VARIABLE' /9X, 'VALUES PROVIDED AS INPUT PLUS TWENTY-FO'JR AD 
2D I T I ON AL RANDOM DESIGNS AMD '/ 5X FOUND NO ACCEPTABLE INITIAL SOLUT 
3 1 ON. THE VALUES OF THE ITEMS CAuCULATED FOR' /9X,' THE LAST SET OF R 
4AND0M VARIABLES ARE LISTED BELOW - ZERO VALUES I NO I CATE ' /9X , 

5 'That the item was not reached for calculation.'/) 

GO TO 8 
WRITE (6, 5) 

FORMAT ( 9X ,' RE-EVALUATE LIMITS ON VARIABLES AND INITIAL VARIABLE VA 
1LUES IN LIGHT 0F'/9X*»THE ABOVE RESULTS. ' ! 

RETURN 

V. R I T E ( 6 » 7 ) L 

FORM; AT ( Ihl »32X, ' SALVAGE TUG OPTIMIZATION ' / 40X, ' LOOP ' , 14 / ) 



WRITE! 6 *9 ) ( XV ( 3 ) * I = 1 , 3 ) 

FORMAT ( 9X »' VALUES OF RANDOM VARIABLES -'/12X*'FLlL LOAD DISPLACED 
I N T = ' » F 6 e 1 , 1 TONS, SPEED-LENGTH RATIO = ' , F5 . 3 , ' , ' / 1 2 X * ' SEAM-TC-D 

2 R ^ c T RATIO = ' , F 5 • 3 , ' , EENo T H— TO— D EP TH RATIO = ' » F 5 « 2 * ' » F R I 3 i v i A T I C 

3 ' / 1 2 X • 1 COEFFICIENT = * , F 4 « 3 , ' » ' / ) 

V ■. I ■ ■ ( c , 1 C ) o L , • T ;i)i‘ i' — C T 

FE. A 1 ( 9 X , ' S-' i P I r:-/\ c - 1 i.'i'iv - ' / IZX , ' l« c o P o = ' * Fi,. * ' FEiiT, b::AM = ' 

] , F ? . ? , « "1 - T , Ox'vFl - 'EM.?,' FEET ♦ '/I 2 A* • DEPT n - « * F . 2 * ' FEET* 



~ P - E r 0 <-■ n : ■ t « p 5 „ “ , . ' c E E T ' / ) 
p*> I TF ( 4 , 1 1 ) XV ( 3 ) * , CEt CV 

FOR '41 ( vX * « FORM COEFFICIENTS - ' / 1 2 X , ' PR I SWAT I C =• *F4.3* ' » MIDSHIPS 
1 ='*F5*?»'* LOCK. = ' , i : 4 « 3 , 1 * VOLUMETRIC = ' » F6 - 5 / ) 

v'R I T E ( f , 1 2 ) EHP , T SUP » cHP , Sr! PE NO 

FORMAT ( 9 X ,' x£S I STANCE AND PROPULSION DATA - ' / 12X * * t • H * P • = ' * F / « 1 * 
1', WETTED SURFACE = • ,F7.1 * ' SwUAiRE FEET , ' /12X* ' Hi AX IciU' v i S.H.P.= ' » 
2 F 7 • 1 » ' » ENDURANCE S • H • P • = ' * F 7 . 1 / ) 



WR I T E ( 6 , 1 3 ) ( WTGPLS ( I ) *1 = 1*7) * WTLS 

FORMAT ( 9X W- I GHIS -'/ 1 2X GROUP 1 HULL STRUCTURE •» SX » F7 . 2 » 

1' TONS' /]. 2X GROUP 2 PROPULSION' , 1 2 X , F 7 . 2 , 1 TONS '/ 1 2X ,' GROUP 3 
2 ElrCTR'C PLAN I ' * 5 X , F7 . 2 ? ' TONS ' / 1 2X , ' 3R0UP 4 CCiwM AND CONTROL', 



a y 



G n £ f / i ' 



AGXILI^kV SYSTr-io* $ 5 X • F 7 * 2 



k ^ : i n 



C J T F I 



r \ pi p 



O !\iM e 



6X , F7 . 2 



i 



TONS' / 1 2 X , ' 3R0U 



TONS ' / 
7 AR 



~83 



14 

15 

16 

20 

17 

18 

19 

7 1 

2? 

23 

2 4 

2 3 



. 4X 



5 .MAI iNT 1 

51 TO M ‘ 1 

WR I 7 F ( 6 • ] 4 ) FU- LV'T , ENDUR 
FORMAT (9X,' FUEL r 1 > F6 « 1 » 

1' NAUTICAL V'lLE^.'/J 
WR I T F ( 6 s 1 5 ) VOL > X3VOL 
FORMAT ( 9X »• VOLU.'iE = 1 ,F7 .lm 

1 F6 • G 9 1 CUBIC FEET 



1 TO,JL 1 /l 2X » ' ^IGHT Si 



- I — • F i_ a L : 7 1 iM ! * j V X » ?• 7 • 2 



TONS 9 RESULTING IN ENOUkA hC E = 



F 7 « 1 



1 CUdIC. FEE To 1 rIF lXClSS VOLUME = 1 9 



1 / ) 

W R I T E ( ft 9 1 6 ) RKG » PYr, ♦ BY , GUACT 
c 0 R M A T ( 9 X , • S 1 A d I L I T Y DATA -'/12X,'KG = 



5 • 2 9 



r E E T 9 



Kb = ' 9 F 4 • 2 9 



9 F 5 • 2 9 ' FEET, G M = ',1-5.29 ' F l e T ' / ) 



' FEET, BM = 

KRI T E ( 6 9 2 0 ) 

FORMAT! 9X, 'EFFECTIVENESSES ) 

W R I T E ( 6 9 1 7 ) ( E ( i< ) 9 W ( K ) , K = 1 , 3 ) 

FORMAT (12X9' ENDURANCE 1 9 9X 9 F 7 . 3 9 7X 9 'WITH 
1 'TOWING PULL' 9 7 X 9 F 7 . 3 9 6 X 9 ' WITH WEIGHT OF 
2 T ' 95X9F7« 3,7X9 ' w I T H WEIGHT OF * , FA . I / 1 ? X , * hOL L A R D PULL' 96X,F7«39 
37X, 'WITH WEIGHT OF ' , FA . 1 / ]. 2 X , ' dALL AST ' , 1 1 X , F7 « 3 , 7X , 'WITH WEIGHT 0 



WE IGHT OF ' ,F4. 1 ,3X/12X: 



F A 1 



./12X*'DECK AREA AF 



AF ' ,FA.l/12X, ' SHIP DRAFT ' *8X » F7. 3 » 7X 



I I H «v' LIGHT OF ' ,F A® 1/12X, 



5 'EXCESS VOLUME '• SX , F7 



7X,' ITH WEIGHT OF »»FA.l/ 12X, 'EXCESS ST, 
'A. 1 / ) 



6B I L I T Y ' • F 7 . 3 , 7X , ' W I TH WE I GHT OF ' 

WR I TE ( 6 9 1 8 ) CS ( 1 ) « CST , CSTEFF 

FORMAT! 9X, 'COST - ' / ] 2X 9 ' ACUU I S I T I ON COST = ',F9.6,' MILLION DOLLAR 

IS' /12X, ' LIFE CYCLE COST = ' 9 FIO. 69 ' MIulION dOulARS • / /9X » ' COST EFF 
2 F C T I V E N E S S ='»F7.A/) 

GO , T 0 ( 4 9 1 c 9 1 9 } 9 N 1 
RETURN 

•*'R I T E ( 6 9 ? 2 ) X 1 

' oA 

] G N WAS FOUND TO TH_* OPTIMUM ,,F THE' 9 I 
2 0 S I NG THE FXPoNLN I I A L K A . 0 v M o ~ A ~\CH L ' 7 i I .* I ZA l I L"-. T dCh -.1 uUF * ' / / ) 

W R I T F ! 6 , 2 3 ) S L , X V ( 5 ) 9 N OF F 9 9 C: ,J > , . vU P 0 , 1 9 C 3 , . E 9 j 9 C v 9 dS d 1 , C w P 

FORMAT ( 17X» 'SHIP DIME, is: 0- ' , 1 2 X 9 ' 0 R , C ~ c F H I L I l.mTS ' , 13 a,' C«tVi ' / 

1 1 5 X 9 • u . D 9 P . ' 9 r- 8 . 2 9 ' F E L i 1 9 ’ 0 A • * F R I d i»i A i I ( ' 9 F b o d 9 v a 9 I 2 9 ' OFlI’^lRS'/ 



' / 9 X 9 ' E V A L 



2 1 5 X 



1 



' Cr 1 



' 9F10. 2 



'EE' 



3 ' DRAFT 1 , F 9 

A ' j E P 7 ; 1 , ~ l 
1 p £ _r I 

\'R 1 T r ( £- 
-OR '•./• T ( 

!P , I ; L ( 6 



i T ' 



1 • x . ' 

~ /. ^ i 

3 x * 1 « 

F7, ;/’ 

2 3 ) ( 1 7 



10X * * :I 
’ r LO . '• ' * 



/ } 



1 . : o J* 9 ■ 

1 t - 



9 I 2 t 1 Co H*Uc 1 /l bX 9 
: ,.L IS TrL'i/bXj 

f * e, ■ g. y t 






\L: £ 



- t 



•■JLO 1 



i I ) 


5 I = 1 5 / ) 5 A T L 


J D - - . 


? : • « 


1 


: T'il STRICT 


c. RE 1 * 


■ X * ^ A 


I 0. 


* 9 \ 5 ^ * M 1 


; "■ ; 1 


/ ^ i X • 


l'i S 1 


, C 1 X * * c I'' - . ^ v^ 1 K 


^ L ^ 


* A>' v i 


3 


AuX I - i A k Y 


SYcd Idi\ 


tN 7 X 


A iNl L 


) FuK M e 1 5 S X » F 


6,1 U 


F Of r 1 



•! CMS 



Lum h\oL 1 ; C A } r O « i > 

6 * I * » T 0 NS * /2 ■ X 9 



FORMAT ( 21 X % • sx; 

1' GROUP 2 r> XOr 
2A.M7 1 > 10X jFSc^ 1 7 
3 1 TONS 1 / 2 1 X 9 1 GROo 
4* GROUP 6 OUTFIT 
5NT 1 ? 1 6 X ? F 6 © 1 ? * T 0 M G 1 / 2 1 X $ * L I G H T S r _ l I P 0 I P L ( W / 0 r'i A K U I i i S ) 
6> 1 TOMS * / / 2 1 X t * BUILDS 
7N « >21 X 5 F6 cl 5 1 TOMS 1 /2 
S 1 G C V T F .... R • , I S r 1 r _ ••••• ; . T ; ; < 

9 •.*' I t ~ ^ I ; ; - } » •: X c 

V.'R : TF ( 6 5 2 6 ) CAfS'Er ; T.‘ ,v. 



~ I i / / ) 

•! 9 Ti-i ' 

» / 2 1 X 5 

1 9 ZX 9 ho* 



ARr.Ai v ‘E 

1 ? F6 o 1 

•vlARo I M 1 ? i 9 X ? F 6 • 1 5 1 TOMS 1 /2 1 X ? * OLS I GM XAkG I 



r-i o t 



OKDcRS * 



1 1 X 5 F C • 



T u r>i c: 1 / 2 i X * 



84 * 



26 



27 



28 



3 J 



31 



3 2 



1SALVG, XV ( 1 ) 

FORviAT ( 2 1 X > ■ Sri I P OFFICERS, C K E AND EFFECTS 1 , r 6 • 1 , 1 TU.S'/21X, 

'SHIP AM. HUN I i I ON • » 1 y X ■) F 6 • 1 » ' T ONb 1 / 2 1 X , ' P a 0 V I S I 0 m S AN [) P E k SON N E L S 
2 TON ES 1 , F 6 » 1 » 1 I ONS 1 / 2 1 X , ' 3E ME R AL STORES 1 j 20X»F6»1»' rCNS'/ 2 lX» 
T'PC'AcL-. WATLK ' IX ,F 6 . 1 > ' T Gi\o ' /2 1 X » 1 LUSK I C A TI i\G OIL, SHiP'»13X» 
4F6. * » ' TONS ' / 2 i X , 'uIEStL uIl 1 » 24X » F6 » 1 , 1 TONS ' /z IX , 'FOAM LKulD' * 
52^X>F6tl?' TONS ' /2 IX > : GASto ' ,29X ? -6 ♦ 1 » ' TONS ' /2 IX » ' oALVAGE EGUIPMF 
6NT ' , 17X , F6 . 1 > ' TONS ' //21X •' FULL LOAD D I SPLACcMENT ' » 1 3X , F6 . 1 » ' TONS 
7 ■ / 2 5 X , 1 { .*, I T H A R 0 I N S ) • / / / ) 

V/R I T E ( 6 » 2 7 ) 

FORMAT < 9X THIS IS THE BREADTH OF THE LOa'ER SUPERSTRUCTURE DECK 

1. THE UPPER DECK 1 / q X j 1 OF THE SUPERSTRUCTURE IS SIX FEET LcSS IN 6R 
2EADTH. THE SUPERSTRUCTURE I S ' / 9X » ' ONE-OUARTER OF THE L.B.P. IN LEN 
3GTH. ' ) 

WR I T E l 6 , 2 8 ) VOL , VbTRb , .'S AL VS , VB tR T H , VMESS , V HD , V bAGS , VOF F SP , VP ASSG » 

1 VF AN » VLKRS 9 VsHOPs 9 VGKDT K 9 VsT KGR 9 V AMMO 9 VMAC H 9 VFUEL , VO A T EK , VLUBl 9 
2 VBAL ( 2 ) 9 XSVOL 

FORM M ( 1H1 9 ^ IX 9 • VOLUMES ' //2 1 X » ' TOT AL VOL UP E AVAILABLE • 9 1 IX 9 F7. C 9 
1' CUBIC FELT ' / / 2 IX 9 'PROVISIONS AND STORES VOLUME', 5X9F7.0,' CUBIC 



2 FEET ' /21X , ' SALVAGE STORES VOLUME '» 1 2X » F7 . 0 » ' CUBIC FEET'/21X» 
3'BERTHING SPACE VGLuME ' » 1 2X , F7 . 0 . ' CUBIC F EET ' /2 IX 9 ' MESS I KG SPACE 
4V0LUME' »13X»F7.0» ' CUBIC FEET ' /21X f • SAN I T ARY SPACE VOLUNE'»12X* 



5 F 7 . C 9 ' CUBIC FlET ' /21 
6EET ' / 2 1 X 9 'OFFICE SPAC 
7 WAY VO LOME ' » 1 6 X » F 7 . u 9 



9 F7. U 
CUBIC 



8 VOLUME 
99 F 8 .O 9 ' 

1 'WINDLASS ROOM AND CH 
1NG GEAR ROOM VJLuMl', 

2 ? I 6 X 9 r DO:' CUBIC r cb 

1 a 9 ' r U . 



9 ' BAGGAGE STOWAGE VOLUME' 9 1 IX 
VOLUME ' , 1 AX 9 F7 . 9 9 ' CUBIC FEE' 
CUBIC FEET ' /2 IX, • FAN ROOM AN! 
FEET ' /21X , ' DECK GEAR AMD KI SC 



, F7 » 0 , ' CUBIC F 
T * / 2 1 X , ' PASSAGE 
D UPTAKE SPACE 
LOCKERs V Cl. ' 
CUBIC F E E T ' / 2 1 X , 
AIN LKh VOl ( ' , F l * 0 9 ' CUBIC PEL"!*/21X»'STi.EkI 

8 X , F ( . 0 5 ' CUBIC F I E T ' / 2 1 X , ' AMMUN I T I Civ VOLUME ' 

' /21X , ' MACH I NERv oPACt VOLUME *» *9X*F7.0» 



' CUBIC 

FELT • / 2 I X , ' SHOP VOLUMES ' , 2 IX ,F7 .0 



3 ' CUBIC ;-t: I ' / 

421X,' FRESH WA'Ir.K TANK 

5 tank v o l u m e 1 , 1 3 x , f 7 « 

6 1 4 X 9 F 7 » ' CJBIC FLET 



OIL TANK VOLU.'it • » 1 3 X t F 7 c 0 , 1 
VOLUMt » , 1JX , F7 .0 , ' CUt. IC FLET 
0,' CUBIC FEr.T ' /21X , ' BALLAST T 
' /2 iX , ' EXCESS VOLUME ' , 20 X • F7 .0 



CUBIC F LL T ' / 

' / 2 IX , ' LUBE OIL 
ANK yOLUiVE', 

, ' CUBIC FEET ' / 



7/ ) 



'•;R I F f ( 6 , 2 Cj ) • ' * "I KG , S' ’ACT , XSG! 

F 0-K-. . A T ( 3 r: X « '^1 - ; , L I ! Y ' / / 3 oX • ' K = ' , F ; 3 . 2 9 ' Ft.LT • /36X » « i>i ~ '»F5«2, 

1 » "IE i ' / 3 £ X • ' KB - ' » '■ *> . 2 , ' PEET ' /36X , ' GM = « »FB«z\ ' FEc.1 ' //G2X s 

2 ' t C L S S G ' ' r c :< s 2 / ' F L 1 



WK I i 3 ( D 9 3 U ) I O.'.r^L • twLFul , D n ~ 1 
FORMA i i 3 7 x , ' •> I c CEL LAN I Jus ' / / 2 v 

129x , ' bollard pull ' ,f: j.c , ' pu^n 

2 ' SQUARE r I _ I ' / / ) 

WP I ~ I ( 6 , 3 1 ) 1 C S ; i ) , I = 1 , 3 ) , LG T 



l J v' I !\ o FvLLHhllsOU rwc-L-'O ' / 

' /29X 9 ' DECK AKLA AFT ' , F9 ,Q. • 



FORMAT (42X» 'COST '//21^. 'ACQUISITION COST ' » 5X » Fv « 6 » ' MILLION DCllAk 
IS' / 21X* •ANNUAL CREW COoTS ' , F9 , 6 9 ' Ml I L L I Oi\ DO L LARS ' / 2 1 X 9 ' AN xU AL 



2 UPKEEP COST ',F9.6»' MILLION DOLLARS ' /2 IX »' LI FE CYCLE COST' 96 X 9 



3F9 . 6 9 ! MILLION DOLLARS'///) 

V/R I 1 E ( 6 9 3 2 ) ENGsPL 

FORMAT (9Xi ' i HE MACHINERY oPACE VOLUME WAS COMPUTED FROM A C ALCU 



1LA;^_ .\E . . w i ' / j X , ' c No 3 i-L. u N I NC SPACF LENGTH Or 
29X 9 ' I HE E a (_ t s S G I S ^.O.-'lPw 1 “ D BT / • c S L 1 ■ . I NG A 

3RcCltt r o K ' / v a 9 ' r K t c Sur-FACc ) ur 1 R PcMCiLixT or 



* r 6 • 2 , ' FLEIo'// 
REQUIRED GM (_\CuK 
(hi. sri I P^> tot An ! ) 



- 85 - 



RETURN 

END 




APPBEDIa ? 



This appendix contains a sample output for the case 
where no initial, feasible solution was found and a list 
ing of a sample run in which the program selected an 
optimum design. 



S..L V ■ M 



! I/O IV, 

’ A G k 1 



•'* o f A 


l 


6 t i'S 


I Of, 


i l 


H.PS 


10 1 


ML 


i- x 


uN F 


it ml t a o on o sr- 


uF li : 


j 


s a r 


j l : 


TO/' 1 1 \! G 


LX PC 


\FMT 


c 


H A ?'■ 


als - 


•«’ ERF AS FOLLOWS 


F I 


K 


ST 


1 


L (;(.P$ 


FX 


PCNt- 


N 1 


- 


1 




h 


r 


XT 


n 


LOOPS 


E X 


p.one 


XT 


= ■ 


‘L 




?\! 


p 


X 1 


0 


lft: >s 


LX 


D C 0 E 


X I 


- 


L 




L 




:;t 


r 


i n. >' i 


ex 


Pcor 


VI 


- 


7 


. . - — - 



THL PARA H.T D o CPNTKf.l LI\li 1 IL SEARCH WERE - 



y i N I 4;JV. MAXI MUX INITIAL 

1)1 SPL AC'HtftT Zb 00'. ))C MOO'. 000 I'ffO )'. OTO 

SPELu-ltMlH kaTIO L.OCO 1.0, SO 1.000 

OEAf- -Ki-JRAr I RATIO ' ZlZbO “ 5 . KG • 3.M 

LENGTH-] J-OtPH P A T I ? 9. OOC _ 14 . 000 1 1.000 

PRT SHvT i- i- TC ! E A T ~0T400“ "0.6O0 - ~ 07 r > 70* 



IrE JP To- \ f I NO CmAt ACM IRIS 1 ICS SPECIFIES) WERE - 
TAX I MU-i ALL UV.AoL L OR A 1 T - M L 5 f EE 1 

re'cuikeo cK duk akc c ■- Tocoo.o nautTc al ' ml e s at iT.o' knot's' 



ThF1> i’ET J ' r-’T CU I F T>.rA T S 'V F !' r 

S > ! -F n 

i A X I i U T I 7.? K A tO IS 

I- ’‘To I T A K. 6 j. T . ) K i 1 S 

T u . i \0 0 . 0 K L i 1 S 



1 H TO:.- Rr s I ST a i . C ?• SPECIE 1 ED 
I hL I No! ML FI) PI T 3 SP r CI FI L 



r'iw A . 1 OH ' f ' 1 5 i ! 



i o 1 O' i = £ . -s'. T..I'S 



A fi t 


i. ,iii 


• w \ 


,-i L ! j i l 


1 ! 
i- . « 


* TM 


\ 


• »j 1 ! 


l ; 


V i !. J 1 1 


b ( ' 


. C'-Jl- 


i H 


i .■•= t. I 


ill 


\v f AC 1 0 


, S E 


M R IH 


E i\ 


DIJRANC 
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S/vLVAGfc TUG OPTIMIZATION 
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THIS TRIAL WAS HADE USING 500 LOOPS IN THE EXPONENTIAL RANDOM SEARCH 
THE NUMBER OF LOOPS AND UPDATING EXPONENT CHANGES WERE AS FOLLOWS - 



FIRST 350 LOOPS 
NEXT 100 LOOPS 
NEXT 25 LOOPS 
IASI 25 LOOPS 



EXPONENT = 1 
EXPONENT = 3 
EXPONENT = 5 
EXPONENT = 7 



TFE PARAMETERS CONTROLLING THE SEARCH WERE - 



DISPLACEMENT 
SPEED-LENGTH RATIO 
BEAM-TO-DRAFT RATIO 
LENGTH-TU-DEPTH RATIO 
PRISMATIC COEFFICIENT 



MINIMUM 
2000 . COO 
C * 85 0 
2. 250 

9.000 
0.480 



MAXIMUM 
26C0.000 
1 .050 
3.750 

14.000 
0.650 



INITIAL 
2277.300 
1.053 
3. 542 
12.500 
0.542 



TFE OPERATING CHARACTERISTICS SPECIFIED WERE - 
MAXIMUM ALLOWABLE DRAFT = 15.0 FEET 

REQUIRED ENDURANCE = 10000.0 NAUTICAL MILES AT 13.0 KNOTS 



THE SPEED REQUIREMENTS KERi 



MAXIMUM 

ENDURANCE 

TGwING 



SPEED 

17.2 KNOTS 

13.0 KNOTS 

7.0 KNOTS 



PROP. GGEFF. 
0.680 
0.750 
0.650 



THE TOW RESISTANCE SPECIFIED WAS 153C00.0 POUNDS 
NC RESTRICTION WAS PLACED ON MAXIMUM INSTALLED SHP 



THE ARMAMENT REQUIREMENTS WERE - 

ARMAMENT WEIGHT = 2.34 TONS 

AMMUNITION WEIGHT = 11.2 TONS 
AMMUNITION VOLUME = 500. CUBIC FEET 



THE WEIGHTING FACTORS FOR THE EFFECTIVENESS CALCULATION WERE - 



ENDURANCE 1.0 
TGWING PULL 1.0 
DECK AREA AFT 1.0 
BOLLARD PULL 1.0 
BALLAST 1.0 
SKIP DRAFT 1.0 
EXCESS VOLUME 1.0 
EXCESS STABILITY 1.0 



A PENALTY WAS ASSIGNED FOR EXCESS ENDURANCE AND EXCE5S TO.jING PULL 



SALVAGE TUG OPTIMIZATION 
LOOP 479 



VALUES OF RANDOM VARIABLES - 

FULL LOAD DISPLACEMENT = 2355.4 TONS, SPEED-LENGTH RATIO = 1.026, 
BEAM- T O- DRAF T RATIO * 3.698, LENGTH- TO- CEP I H RATIO = 13.73, PRISMATIC 
COEFFICIENT = .499. 

SHIP DIMENSIONS - 

L • 8 . P . = 281.23 FEET, BEAM = 47.78 FEET, DRAFT = 12.92 FEET, 

DEPTH = 20.49 FEET, FREEBOARD = 7.31 FEET 

1 

FORM COEFFICIENTS - 

PRISMATIC =.499, MIDSHIPS =0.951, BLOCK =.475, VOLUMETRIC = .00371 

RESISTANCE AND PROPULSION DATA - 

E . H . P . = 664.2, NETTED SURFACE = I243I.7 SQUARE FEET, 

MAXIMUM S.H.P.= 3488.5, ENDURANCE S.H.P.= 1140.3 

WEIGHTS - 

GROUP l HULL STRUCTURE 

GROUP 2 PROPULSION 

GROUP 3 ELECTRIC PLANT 

GROUP 4 COMM AND CGNTRGL 

GROUP 5 AUXILIARY SYSTEMS 

GROUP 6 OUTFIT AND FURN. 

GROUP 1 ARMAMENT 

LIGHT SHIP DISPLACEMENT 

FUR = 134.4 TONS, RESULTING IN ENDURANCE = 5810.2 NAUTICAL MILES. 

2. CUBIC FEET. 



, GM = 8.67 FEET 



1.0 

1.0 

1.0 
i . 0 

1.0 

1.0 

1.0 

1.0 



VOLUME ■= 191412. CUBIC FEET. THE EXCESS VOLUME = 



STABILITY DATA - 



KG = 16.29 FEET, 


KB = 7.94 FEET, BM = 


17.02 


FEET 


EFFECTIVENESSES - 


ENDURANCE 


-0.288 


W I T H 


WEIGHT 


OF 


TOWING PULL 


-0.000 


WITH 


WEIGHT 


CF 


DECK AREA, A, FT 


5.497 


WITH 


WEIGHT 


OF 


BOLLARD PULL 


0.903 


WITH 


WEIGHT 


CF 


BALLAST 


0.0 


WITH 


WEIGHT 


CF 


SHIP DRAFT 


1. 189 


VJ I T h 


WEIGHT 


CF 


EXCESS VOLUME 


0. 462 


WITH 


WEIGHT 


CF 


EXCESS SI ABILITY 


2.719 


WITH 


WEIGHT 


CF 


COST - 


ACQUISITION COST 


= 8.851329 


MILLIE N 


DOLLARS 




LIFE CYCLE COST 


= 20. 5553 5C 


MILLION 


DOLLARS 





82 5.84 TONS 
146.72 TENS 
47.30 TONS 
15.42 TONS 
504.10 TONS 
308.43 TONS 
2.34 TONS 
1850.15 TC NS 



COST EFFECTIVENESS 



0.1803 



SALVAGE TUG OPTIMIZATION 



ThE FOLLOWING DESIGN WAS FOUND TO BE TEE OPTIMUM OF THE 1475 DESIGNS 
EVALUATED USING THE EXPONENTIAL RANDOM SEARCH OPTIMIZATION TECHNIQUE. 



SHIP DIMENSIONS 



FORM COEFFICIENTS 



L . ri.P . 
BEAM 
DRAFT 
DEPTH 
S • S . fi . : 



261.23 FEET 
4 7*78 FE-ET 
12.92 FEET 

20.49 FEET 

2 3. 4 9 FEET 



PRISMATIC C. 
MIDSHIPS 0, 

BLOCK C, 

VOLUMETRIC C, 
hAT ER PLANE C, 



499 

951 

475 

00371 

723 



CREW 

6 OFFICERS 
4 C.P.O. 

59 ENLISTED 



E.H.P.= 664*2, MAXIMUM S.H.P.= 

WETTED SURFACE = 12431.7 SQUARE FEET 



3488*5, 



ENDURANCE S.H.P.= 1140.3 



GROUP l HULL STRUCTURE 


825.8 


TONS 


GROUP 2 PROPULSION 


146.7 


TONS 


GROUP 3 ELECTRIC PLANT 


4773 


TGNS 


GROUP 4 COMM AND CONTROL 


15.4 


TONS 


GROUP 5 AUXILIARY SYSTEMS 


504.1 


TONS 


GROUP 6 OUTFIT AND FURN- 


30 8.4 


TONS 


GROUP 7 ARMAMENT 


2.3 


TONS 


LIGHT ShIP DISPL (W/G MARGINS) 


1850.2 


TONS 


BUILDERS MARGIN 


13.5 


TONS 


DESIGN MARGIN 


7 4.0 


TONS 


CHANGE ORDERS 


22.2 


TONS 


GOVT FURNISHED MATERIAL 


14*8 


TONS 


LIGHT Ship DISPL (WITH MARGINS) 


19 79 77 


TONS 


SHIP OFFICERS, CREW AND EFFECTS 


7.7 


! ONS 


SHIP AMMUNITION 


11.2 


TONS 


PROVISIONS AND PERSONNEL STORES 


12.7 


T CNS 


GENERAL STORES 


11.7 


TONS 


POTABLE WATER 


6 3.9 


TONS 


LUBRICATING OIL, SHfP 


8.7 


TONS 


DIESEL OIL 


134.4 


TONS 


FOAM LICU ID 


8.2 


TONS 


GASCS 


14.8 


TONS 


SALVAGE EQUIPMENT 


102.3 


TONS 


FULL LOAD DISPLACEMENT 


2355.4 TONS 



(WITH MARGINS 



* THIS IS THE BREADTH OF- THE LOWER SUPERSTRUCTURE DECK. THE UPPER DECK 
OF THE SUPERSTRUCTURE IS SIX FEET LESS IN BREADTH. THE SUPERSTRUCTURE IS 
ONE-QUARTER OF THE L.B.P. IN LENGTH. 



VOLUMES 



TOTAL VCLUME AVAILABLE 

PROVISIONS AND STORES VCL 
SALVAGE STORES VOLUME 
BERTHING SPACE VOLUME 
MESSING SPACE VOLUME 
SANITARY SPACE VOLUME 
BAGGAGE STOWAGE VOLUME 
CEE ICE SPACE VOLUME 
PASSAGEWAY VOLUME 
FAN ROOM AND UPTAKE SPACE 
DECK GEAR AND MI SC. LOCKE 
SHOP VOLUMES 

WINDLASS ROOM AND CHAIN 1. 
STEERING GEAR ROOM VOLUME 
AMMUNITION VOLUME 
MACHINERY SPACE VOLUME * 
FUEL OIL TANK VOLUME 
FRESH WATER TANK VOLUME 
LUBE OIL TANK VOLUME 
BALLAST TANK VOLUME 
EXCESS VOLUME 





1914 12. 


CUBIC 


FEET 


E 


35 19. 


CUBIC 


FEET 




34450. 


CUBIC 


FEET 




12468. 


CUBIC 


FEET 




52 39. 


CUBIC 


FEET 




32 94. 


CUBIC 


FEET 




344. 


CUBIC 


FEET 




IC48C. 


CUBIC 


FEET 




11731. 


CUBIC 


FEET 


CLUME 


5752. 


CUBIC 


FEET 


VOL. 


1280. 


CUBIC 


FEET 




20400. 


CUBIC 


FEET 


. VOL. 


6230. 


CUBIC 


FEET 




6400. 


CUBIC 


FEET 




500. 


CUBIC 


FEET 




45453. 


CUBIC 


FEET 




6086. 


CUBIC 


FEET 




2300. 


CUBIC 


FEET 




358. 


CUBIC 


FEET 




6476. 


CU8I C 


FEET 




8652. 


CUBIC 


FEET 



STABILITY 

KB ~ 7.94 FEET 

BM = 17.02 FEET 
KG = 16.29 FEET 
GM = 8.67 FEET 

EXCESS GM ** = 3.89 FEET 



MISCELLANEOUS 



TOWING PULL 
BOLLARD PUlL 
DECK AREA AFT 



1530C0. PCLNDS 
87211. PCLNDS 
4479. SCL ARE FEET 



COST 



ACQUISITION COST 
ANNUAL CREW COSTS 
ANNUAL LPKEEP CDS! 
LIFE CYCLE COST 



8.851829 
0.484000 
0 .271567 
20.655350 



MILLION DOLLARS 
MILLION DOLLARS 
MILLION DOLLARS 
MILLION DOLLARS 



* THE MACHINERY SPACE VOLUME WAS COMPUTED FRCK A CALCULATED REQUIRED 
ENGINEERING SPACE LENGTH OF 57.70 FEET. 

*❖ THE EXCESS GM IS COMPUTED BY ASSUMING A REQUIRED GM (UNCORRECTED FOR 
FREE SURFACE) OF TEN PERCENT OF THE SHIPS BEAM 



